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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: U.S. Patent 4,746,680 ^"^^^ 

Issued: May 24, 1988 "^^^^^^fifiQlH, 

To: James E. Jeffery, Antonin Kozlik, and Eric C. \^mshurst 

Assignee: Knoll AG 

Title of Patent: THERAPEUTIC AGENTS 



APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Your applicant, Knoll Aktiengesellschaft, represents that it is the owner of record of the 
entire interest in and to Letters Patent of the United States No. 4,746,680 granted to James E. 
Jeffery, Antonin Kozlik, and Eric C. Wilmshurst on the 24th day of May, 1988 for 
THERAPEUTIC AGENTS. Knoll AG is the owner of record by virtue of an assignment in favor 
of Knoll AG recorded November 7, 1995, Reel 7696, Frame 0572. By the Power of Attorney 
enclosed herein (Attachment A), Applicant appoints Charles E. Van Horn, Esq. of Finnegan, 
Henderson, Farabow, Garrett & Dunner, L.L.P.^ as attorney for Knoll Aktiengesellschaft with 



regard to this application for extension of the term of U.S. Patent No. 4,746,680 and to transact 
all business in the U.S. Patent and Trademark Office in connection therewith. 

Applicant hereby submits this application for extension of patent term under 35 U.S.C. 
§ 156 by providing the following information required by the rules promulgated by the U.S. 
Patent and Trademark Office (37 C.F.R. § 1 .740). For the convenience of the Patent and 
Trademark Office, the information contained in this application will be presented in a format 
which will follow the requirements of 37 C.F.R. § 1.740. 

1. ^^A complete identification of the approved product as by appropriate chemical and 
generic name, physical structure or characteristics." 37 C.F.R § 1.740 (a)(1). 

The approved product is MERIDIA® (sibutramine hydrochloride monohydrate) Capsules. 
The generic name for the approved product is sibutramine hydrochloride monohydrate, which is 
indicated for the long-term management of obesity, including weight loss and maintenance of 
weight loss. 



(a) 



Structural Formula: 



CH2 



OH 



CH3 



CH3 
■CH3 




C H2 C H2 



(b) Empirical Formula: 



C,7H29Cl2NO 

(c) Molecular Weight 
334.33 

(d) Chemical names: 

1 . Cyclobutanemethanamine, 1 -(4-chlorophenyl)-A/; A^-dimethyl-a-(2- 
methylpropyl)-, hydrochloride, monohydrate, (±) 

2. (±)- 1 -(p-Chlorophenyl)-a-isobutyl-A^, A^- 
dimethylcyclobutanemethylamine hydrochloride monohydrate 

3 . N- { 1 - [ 1 -(4-ChlorophenyI)cyclobuty I]-3 -methylbuty 1 } -N,N- 
dimethylamine hydrochloride monohydrate 

2. '^A complete identification of the Federal statute including the applicable provision 
of law under which the regulatory review occurred." 37 CF.R § 1.740 (a)(2). 

Section 505 of the Federal Food, Drug, and Cosmetic Act (FDC Act), 21 U.S.C. § 355, is 
the Federal statute under which the Food and Drug Administration's (FDA's) regulatory review 
of Knoll Pharmaceutical Company's MERIDIA® new drug application (NDA) for sibutramine 
hydrochloride monohydrate occurred. Section 505(b) of the FDC Act, 21 U.S.C. § 355 (b), 
authorizes the filing of an NDA for a "new drug." FDA subsequently approved the MERIDIA® 



NDA (NDA 20-632) under the authority granted the agency in Section 505(c) of the FDC Act, 
21 U.S.C.& 355(c). 

3. "An identification of the date on which the product received permission for 
commercial marketing or use under the provision of law under which the applicable 
regulatory review period occurred." 37 C.F.R, § 1.740 (a)(3). 

On November 22, 1997, the FDA approved Knoll Pharmaceutical Company's 
MERIDIA® (sibutramine hydrochloride monohydrate) NDA under Section 505 of the FDC Act. 
Approval of the NDA authorizes the first commercial marketing of sibutramine hydrochloride 
monohydrate. 

4. "In the case of a drug product, an identification of each active ingredient in the 
product and as to each active ingredient, a statement that it has not been previously 
approved for commercial marketing or use under the Federal Food, Drug, and 
Cosmetic Act, the Public Health Service Act, or the Virus-Serum-Toxin Act." 37 
C.F.R. § 1.740 (a)(4). 

The active ingredient in MERIDIA® is sibutramine hydrochloride monohydrate which 
has not been previously approved for commercial marketing or use under the FDC Act, the 
Public Health Service Act, or the Virus-Serum-Toxin Act prior to the approval of the MERIDIA® 
NDA on November 22, 1997. 

5. '^A statement that the application is being submitted within the sixty day period 
permitted for submission pursuant to 37 C.F.R. 1.720 (f) and an identification of the 
date of the last day on which the application could be submitted." 37 C.F.R. § 1.740 
(a)(5). 



This application is being submitted within the sixty day period following FDA approval 
oftheMERIDIA®NDA. FDA approved the MERIDIA® on November 22, 1997. The sixty day 
period for submission of this patent extension application will expire on January 21, 1997. 

6. A complete identification of the patent for which an extension is being sought by 
the name of the inventor, the patent number, the date of issue, and the date of 
expiration." 37 C.F.R. § 1,740 (a)(6). 

Knoll Aktiengesellschaft is seeking an extension of U.S. Patent No. 4,746,680. The 
inventors are James E. Jeffery, Antonin Kozlik, and Eric C. Wilmshurst. The date of issue for 
the patent is May 24, 1988, and the date of expiration is June 11, 2002. 

7. ^^A copy of the patent for which an extension is being sought, including the entire 
specification (including claims) and drawings." 37 C.F.R. § 1.740 (a)(7). 

A copy of the patent for which an extension is being sought is attached to this application 
(Attachment B). The patent contains thirty-four claims and no drawings. 

8. "A copy of any disclaimer, certificate of correction, receipt of maintenance fee 

payment, or reexamination certificate issued in the patent." 37 C.F.R. § 1.740 (a)(8). 

There is no certificate of correction or reexamination certificate issued for U.S. Patent 
No. 4,746,680. A copy of the terminal disclaimer issued for U.S. Patent No. 4,746,680 is 
attached (Attachment C). The patent application for U.S. Patent No. 4,746,680 was filed on 
April 19, 1985, and a patent was issued on May 24, 1988. Under 35 U.S.C. § 41(b)(1), a 
maintenance fee was due in the United States Patent and Trademark Office on November 29, 
1991. The maintenance fee was paid on September 30, 1991. Under 35 U.S.C. § 41(b)(2), a 
second maintenance fee was due in the United States Patent and Trademark Office on November 



29, 1995. The maintenance fee was paid on September 26. 1995. A copy of the printout of the 
Maintenance Status showing the payments is attached (Attachment D). 

9. ^'A statement that the patent claims the approved product or a method of using . . . 
the approved product, and a showing which lists each applicable patent claim and 
demonstrates the manner in which each applicable patent claim reads on the 
approved product or a method of using . . . the approved product." 37 C.F.R. § 
L740(a)(9). 

U.S. Patent No. 4,746,680 claims the approved product, sibutramine hydrochloride 
monohydrate, a pharmaceutical composition containing the approved product, and a method of 
using the approved product. Sibutramine hydrochloride monohydrate is a pharmaceutically 
acceptable salt of N, N-dimethyl-l-[l-(4-chlorophenyl)cyclobutyl]-3-methylbutylamine. The 
patent claims are as follows: claims 1-6, 9, 1 1, 14-19, 22, 24, 26-31 and 34. 

These claims read on the approved product when: 

R, is a branched alkyl containing 4 carbon atoms (or isobutyl) 

R2 is H 

R3 is an alkyl containing 1 carbon atom (or methyl) 
R4 is an alkyl containing 1 carbon atom (or methyl) 
R5 is halo (Chloro) 
R^isH 

as shown in the identification of the approved product in paragraph (1 .) above. Representative 
claims from U.S. Patent 4,746,680 are reproduced below. 



1 . A compound of the formula I : 



R CR1R2-NR 

^ CH2-CH2 



or a pharmaceutically acceptable salt thereof in which Rj is branched chain alkyl of up to 6 
carbon atoms, in which R2 is selected from the group consisting of H and alkyl groups containing 
1 to 3 carbon atoms; in which R3 and R4, which are the same or different, are selected from the 
group consisting of H, straight or branched chain alkyl groups containing 1 to 4 carbon atoms, 
alkenyl groups having 3 to 6 carbon atoms, alkynyl groups having 3 to 6 carbon atoms, 
cycloalkyl groups in which the ring contains 3 to 7 carbon atoms, and a group of formula CHO; 
in which R5 and R^ which are the same or different, are selected from the group consisting of H, 
halo, trifluoromethyl, alkyl groups containing 1 to 3 carbon atoms, alkoxy groups containint 
from 1 to 3 carbon atoms, alkythio groups containing 1 to 3 arbon atoms and phenyl, or R5 and 
R^, together with the carbon atoms to which they are attached, form a second benzene ring 
optionally substituted by at least one halo, alkyl or alkoxy group containing 1 to 4 carbon atoms 
or the substituents of the second benzene ring together with the two carbon atoms to which they 
are attached form a further benzene ring. 



9. A compound according to claim 1 of the formula III: 




CR1R2-NR3R4 
CH2 



CH2 — CH2 



or a phartnaceutically acceptable salt thereof in which R, is isobutyl; Rj is H; R3 is H, methyl, or 
ethyl; R4 is H, methyl, or ethyl; R5 is chloro; and R^ is H or chloro. 

11. A compound of claim 9 which is N,N-dimethyl-l-[l-(4-chlorophenyl)cyclobutyl]-3- 
methylbutylamine or a pharmaceutically acceptable salt thereof. 



The FDA approved labeling for sibutramine hydrochloride monohydrate capsules - which 
will be marketed under the trade name MERIDIA® - states that the drug is sibutramine 
hydrochloride monohydrate 

In terms of dosage, the FDA approved labeling states that the usual dosage is 10 
milligrams once a day with a maximum dose of 15 milligrams a day, with the reservation that a 
dose of 5 milligrams a day may be administered to those patients who cannot tolerate a dose of 
10 milligrams a day. 



8 



10. ^^A statement ... of the relevant dates and information pursuant to 35 U.S.C. 
§ 156(g) in order to enable the Secretary of Health and Human Services ... to 
determine the applicable regulatory review period . . . For a patent claiming a 
human drug . . the effective date of the investigational new drug (IND) application 
and the IND number; the date on which a new drug application (NDA) . . . was 
initially submitted . . . and the date on which the NDA was approved ..." 37 C.F.R. 
§ 1.740(a)(10),(I). 



In order to enable the Secretary to determine the applicable regulatory review period, the 
following information is provided. 



(a) Knoll Pharmaceutical Company (formerly Boots Pharmaceuticals, Inc.) filed its IND 
application for sibutramine hydrochloride monohydrate (IND 27-624) on December 
20, 1985 and it became effective on January 24, 1986. 

(b) Knoll Pharmaceutical Company's MERIDIA® NDA (NDA 20-632) was initially 
submitted to the FDA on August 7, 1995. 

(c) The MERIDIA® NDA (NDA 20-632) was approved by the FDA on November 22, 
1997. 



11. "A brief description . . . of the significant activities undertaken by the marketing 
applicant during the applicable regulatory review period with respect to the 
approved product and the significant date applicable to such activities." 37 C.F.R. 
§1.740 (a)(ll). 

Attached is a chronology that briefly describes the significant regulatory activities and 
relevant dates associated with Knoll Pharmaceutical Company's prosecution of this product 
before the FDA (Attachment E). 
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12. ^^A statement . . .that in the opinion of the applicant the patent is eligible for the 
extension and a statement as to the length of extension claimed, including how the length of 
extension was determined." 37 C.F.R. § 1.740 (a)(12). 

(i) It is the opinion of the applicant that U.S. Patent No. 4,746,680 is eligible for an 
extension. This opinion is based on the following information on U.S. Patent No. 4,746,680: 



(a) 35 U.S.C. § 1 56 (a) - U.S. Patent No. 4,746,680 claims the approved 
human drug product sibutramine hydrochloride monohydrate, MERIDIA®. 

(b) 35U.S.C. § 156 (a)(1) -The term ofthe patent has not expired prior to the 
submission of this application. 

(c) 35 U.S.C. § 156(a) (2) - The term of said patent has never been previously 
extended under 35 U.S.C. § 156 (e) (1). 

(d) This application for extension is in compliance with 37 C.F.R. § 1.740. 



(e) 35 U.S.C. § 156 (a) (4) - The product, MERIDIA®, has been subject to a 
regulatory review period as defined in 35 U.S.C. § 156 (g) before its conunercial 
marketing or use. 

(f) 35 U.S.C. § 156 (a) (5) (A) - The product received permission for 
commercial marketing or use on November 22, 1997 and this is the first permitted 
commercial marketing or use under the provision of law ( i.e. , FDC Act § 505) 
under which the applicable regulatory review occurred. 
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(g) The application has been submitted within sixty days from the November 
22, 1997 approval date. 



(h) 35 U.S.C. § 1 56 (c) (4) - No other patent term has been extended for the 
same regulatory review period for this product. 



(ii) It is the opinion of the applicant that U.S. Patent No. 4,746,680 is eligible for an 
extension of 1 ,825 days from June 1 1 , 2002 to June 11, 2007. The length of this extension was 
determined as follows: 

(A) The effective date of the IND application is January 24, 1986 and the IND 
number is 27-624. 

(B) The NDA, No. 20-632, was initially submitted to the FDA on August 7, 
1995. 

(C) The NDA was approved by the FDA on November 22, 1997. 

(D) U.S. Patent No. 4,746,680 was issued on May 24, 1988. 

The following calculation of the regulatory review period is in accordance with 37 C.F.R. 



1.775: 



B to C = 828 days 
A to D = 852 days 



A to B = 3493 days 



(37 C.F.R. § 1,775 (c)(1)) 
(37 C.F.R. § 1.775 (c)(2)) 
(37 C.F.R. § 1.775 (d)(l)(i)) 
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4,321 - 852 = 3,469 days 

3,469 - 1/2(3,469-828) = 2,148.5 days 



(37C.F.R.§ 1.775 (d)(lXi)) 
(37 C.F.R.§ 1.775 (d)(l)(ii)) 



(a) Section 1 .775 (d) (4) requires the earlier date of either §§ 1:775 (d) (2) and (d) (3): 

(d) (2) = June 11, 2002 + 2,148 days = May 9, 2008 

(d) (3) = November 22, 1997+ 14 years = November 22, 201 1 

(b) Section 1 .775 (d) (6) (ii) (B) further requires the earlier date of either (d) (4) or (d) 
(6) (I) (A): 

(d) (4) = May 9, 2008 

(d) (6) (I) (A) = June 11, 2002 + 5 years = June 1 1 , 2007 

This extends the patent through June 1 1 , 2007, which is the longest period 
allowed under Section 1 .775 (d). 

13. "A statement that the applicant acknowledges a duty to disclose to the 

Commissioner of Patents and Trademarks and the Secretary of Health and Human 
Services . . . any information which is material to the determination of entitlement to 
the extension sought." 37 C.F.R. 1.740 (a)(13). 

The applicant hereby acknowledges a duty to disclose to the Commissioner of Patents 
and Trademarks and the Secretary of Health and Human Services any information which is 
material to the determination of entitlement to the extension sought. 

13 



14. "The prescribed fee for receiving and acting upon the application for extension." 37 
C.F.R. § 1.740 (a)(14). 

In accordance with the fee schedule set out in 37 C.F.R. § 1.20 (j) (1), enclosed is a check 
in the amount of $1,120.00. The Commissioner is authorized to charge any additional fees 
required by this application to Deposit Account No. 09-0425. 

15. ^^The name, address, and telephone number of the person to whom inquiries and 
correspondence relating to the application for the patent term extension are to be 
directed." 37 C.F.R. § 1.740 (a)(15). 

Please direct all inquiries and correspondence relating to this application for patent term 
extension to: 

Charles E. Van Horn, Esq. 

Finnegan, Henderson, Farabow, Garrett & Dunner, L.L.P. 
1300 I Street, N.W. 
Washington, D.C. 20005-3315 

Tel: (202) 408-4000 
Fax: (202) 408-4400 

16. "A duplicate of the application papers certified as such." 37 C.F.R. § 1.740 (a)(16). 

Enclosed is a certification that this application for patent extension, including its 
attachments, is being submitted as one original and four (4) copies thereof (Attachment F). 
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17. ^^An oath or declaration [submitted in compliance with] paragraph (b) of this 
section." 37 C.F.R. § 1.740 (a)(17). 

The requisite declaration pursuant to 37 C.F.R. § 1.740 (b) is attached (Attachment G). 



Attachments: 

Power of Attorney (Attachment A) 

U.S. Patent 4,746,680 (Attachment B) 

Terminal Disclaimer (Attachment C) 

Copy of Maintenance Fee Payments (Attachment D) 

Chronology of Significant Activities (Attachment E) 

Certification of Copies of Application Papers (Attachment F) 

Declaration Pursuant to 37 C.F.R. § 1.740(b) (Attachment G) 



Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, GARRETT & 
DUNNER, L.L.P. 



By: 




Charles E. Van Horn 
Reg. No. 40,226 



Dated: 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re: U,S. Patent 4,746,680 

Issued: 24 May. 1988 

To: James E. JefEeiy, Antonin Kozlik, and Eric C. Wilmshurst 

Assignee: Knoll AG 



Title of Patent: THERAPEUTIC AGENTS 



POWER OF ATTORNEY 

Assistant Conunissioner for Patents 
Washington, D.C. 20231 

Sir: 

Knoll Aktiengesellschaft (Knoll AG) is the owner of record of the entire interest in 
and to Letters Patent of the United States No. 4,746,680 granted to James E. JeflFery, 
Antonin Kozlik, and Eric C. Wilmshurst on the 24th day of May, 1988 for 
THERAPEUTIC AGENTS. 

Knoll AG is the owner of record by virtue of an assignment in favor of Knoll AG 
recorded November 7, 1995, Reel 7696, Frame 0572. 

Knoll AG hereby appoints the following 

1 . Charles E. Van Horn, Esq. 

Finnegan, Henderson, Farabow, Garrett & Dunner, L.L.P. 
300 1 Street , N.W. 
Suite 700 

Washington, D.C. 20005 
Reg. No. 40,266 



2, Barbara V. Maurer, Esq. 
BASF Corporation 

3000 Continental Drive - North 
Mount OUve, NJ 07828-1234 
Reg. No. 31,278 

3. Joyce L. Morrison, Esq. 
BASF Corporation 

3 000 Continental Drive - North 
Mount OUve, NJ 07828-1234 
Reg. No. 31,902 

as its attorneys and agent to transact all business with the United States Patent and 
Trademark OflBce in connection with its Application for Extension of Patent Term under 
35 use §156 for US Patent 4,746,680. 

RespectfiiUy submitted. 



KnoU Alctiengesellschaft ^'^<1^^^^ y^J^t^i^^^ 

KahtetOfff Pf»- BlesalsW 

Date: 
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[57] ABSTRACT 
Compounds of formula I 




CR1R2.NR3R4 



in which Ri is Ci^ alkyl. Ci^ alkenyl. C2.6 alkynyl, C3.7 
cycloalkyl, cycloalkylalkyl or optionally substituted 
phenyl; R2 is H or Cio alkyl; R3 and/or R4 are H, for- 
myl, C1.3 alkyl C3.6 alkenyl. C3-6 alkynyl. C3.7cycIoal. 
kyl or R3 and R4 together with the nitrogen atom form 
a heterocyclic ring system; R5 and/or R6 are H. halo, 
CF3. C1.3 alkyl, C1.3 alkoxy, C1.3 alkylthio or R5 and Re 
together with the carbon atoms to which they arc at- 
tached form a second benzene ring show therapeutic 
activity in the treatment of depression. Pharmaceutical 
compositions and processes for preparing compounds 
of formula I are disclosed. 

34 Claims, No Drawings 




4,746,680 

1 2 

represents a l.l-disubstituted cyclobutane group of for* 
THERAPEtmC AGENTS mula 

This is a continuation of application Ser. No. 365,285, 

filed Apr. 5, 1982, now U.S. Pat No, 4,522,328. 5 | 

This invention relates to compounds having useful ~9 9^2 

therapeutic activity as antidepressants, to pharmaceuti- II 

cal compositions containing such compounds and to CH2— CH: 

processes for the preparation of such compounds. and — CR1R2.NR3R4 represents a group of formula 

The present invention provides compounds of for- 1° 

mula I Ri Ra 

— C— N 

I I \ 

CaiR2.NRjR4 Rj R4 

In the preferred compounds of formula I R[ is a 
straight or branched chain alky] group containing 1 to 4 
in which Ri is a straight or branched chain alkyi group ^^^"^ ^ cycloalkyl group containing 3 to 7 

containing 1 to 6 carbon atoms, a cycloalkyl group 20 * cycloalkylmethyl group m which the 

containing 3 to 7 carbon atoms, a cycloalkylalkyl group cycloalkyl nng contains 3 to 6 carbon atoms or a group 
in which the cycloalkyl group contains 3 to 6 carbon formula II in which R9 and/or Rjo are H, fluoro or 
atoms and the alkyl group contains 1 to 3 carbon atoms, methoxy and in which R2 is H or methyl. Examples of 
an alkenyl group or an alkynyl group containing 2 to 6 particularly preferred compounds of formula I are those 
carbon atoms or a group of formula 11 25 which Ri is H and Ri is methyl, ethyl, propyl, isopro- 

pyl, butyl, sec-butyl, isobutyl cyclopropyl, cyclobutyl, 
^ cyclopentyl, cyclohexyL cycloheptyl, cyclopropyl- 
--^10 methyl, cyclobutylmethyl, cyclopentylmethyl, cy- 

clohcxylmethyl or phenyl. 
\ T ^TT * ^° preferred compounds of formula I, R3 and/or R4 

' are hydrogen, methyl, ethyl or formyl or R3 and R4 

t_LT» j« * <^ ^.^ together with the nitrogen atom to which they are .at- 

m which R9 and R,q, which may be the same or dif. ^^^^ed form a heterocycUc ring containing one nitrogen 
fer^t,^eH, halo or an alkoxy group contaimng 1 to3 atom and 4 or 5 carbon atoms which is optionaDy substi- 

^ \. . „ „ , . - , ^ 35 tuted by one or more alkyl groups or R3 and R4 together 

m which R2 IS H or an aUcyl group containme 1 to 3 -^i. *i. •* * / y^- L^\, t_ 
, ^ ^ V e'v/wf *-wi*uuiiiiiB iw J ^jjj mtrogen atom to which they arc attached form 

carbon atoms: \. ^ i- - » . 

!_■ t T> J T% X.' X. L . * heterocyclic rmg contammg a second mtrogen atom 

m which R3 and R4, which may be the same or differ- 1. 1. • *• « n 1 * j l . i- 

Tj ^ . Tl . L J 1. * « 1 which IS optionally alkylated or a heterocychc nng 

ent, are H, a straight or branched cham alkyl group ij* J ^^ a 

* . . , ^ . ^ , b^^^v uiciudmg one or more double bonds, 

contammg I to 4 carbon atoms, an alkenyl group havmg 40 t r— j a e c iit> j/n 

1 *: „* ti, I u • -» * 5 1" preferred compounds of formula I R5 and/or R^ 

3 to 6 carbon atoms, an alkynyl group havmg 3 to 6 u - 1.1 u • j ^ 1 

carbon atoms, a cycloalkyl group in which the ring ^^^l^^' todo, tnfluoromethyl, 

contains 3 to 7 carbon atoms, a group of formula R„CO P^^'U^l^' Rfi together with the 

where Rn is H or R3 and R4 together with the mtrogen f^*^° J*"^^ ^^^"^ ^^^f^^,^^ 

atom to which they are attached form an optionally 45 "^S ^^^^^ "^^^ optionally be substituted by 

substituted heterocyclic ring having 5 or 6 atoms in the f 

ring which may contain further hetero atoms in addition ^ ^"^^ ^xoup of preferred compounds of formula I is 
to the nitrogen atom; represented by formula HI 

in which R5 and Re, which may be the same or differ- ' 
ent, are H, halo, trifluoromethyl, an alkyl group con- 50 /==\ rp r ism r 

taining 1 to 3 carbon atoms, an alkoxy or alkylthio „ / \ 

group containing 1 to 3 carbon atoms, phenyl or R5 and 
R«, together with the carbon atoms to which they are 
attached, form a second benzene ring which may be 
substituted by one or more halo groups* an alkyl or ^5 

alkoxy group containing 1 to 4 carbon atoms or the uud -jcju t r 

substituents of the second benzene ring together with ^" "ff TiTf i> ^^"t ^'^^^^t 

the two carbon atoms to which they are atuched may «I ^5 and R, which may be the 

form a further benzene ring- '''' ^^^^^^^^^ ^ H, fluoro, chloro, bromo, lodo, 

and their phannaceuticaDy acceptable salts. « tnfluoromethyl methyl, methoxy, phenyl or in which 

In the formulae included in this specification the ^5^^ R^together with the carbon atoms to which they 
symbol are attached form a second benzene rmg which may 

optionally be substituted by a chloro group. In particu- 
larly preferred compounds of formula III R5 and/or Re 
65 are H, fluoro, chloro, iodo, trifluoromcthyl, methyl, 
phenyl or R3 and Re together with the carbon atoms to 
which they are attached form a second benzene ring 
which may optionally be substituted by a chloro group. 
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A second group of preferred compounds of formula I 
is represented by formula IV 




CR^R^^fRJ^u 



IV 



10 



15 



25 



35 



in which R5 may be H, fluoro, chloro, bromo, iodo, 
trifluoromethyl, methyl, methoxy or phenyl and in 
which R6 is fluoro or methyl. In particular preferred 
compounds of formula IV R5 is H or chloro. 

Compounds of formula I may exist as salts with phar* 
maceutically acceptable acids. Examples of such salts 
include hydrochlorides, maleates, acetates, citrates, 
fumarates, tartrates, succinates and salts with acidic 
amino acids such as aspartic and glutamic acids. 

Compounds of formula I which contain one or more 20 
asymmetric carbon atoms can exist in different optically 
active forms. When R| and R2 are different or R7 and 
Rg are different, the compounds of formula I contain a 
chiral centre. Such compounds exist in two enantio- 
meric forms and the present invention includes both 
enantiomeric forms and mixtures thereof. When Ri and 
R2 are different and Ri contains a chiral centre the 
compounds of formula I contain two chiral centres and 
the compounds exist in four diastereoisomeric forms. 
The present invention includes each of these diastereo- 
isomeric forms and mixtures thereof. 

The present invention also includes pharmaceutical 
. compositions containing a therapeutically effective 
amount of a compound of formula I together with a 
pharmaceutically acceptable diluent or carrier. 

In therapeutic use, the active compound may be ad- 
ministered orally, rectally, parenterally or topically, 
preferably orally. Thus the therapeutic compositions of 
the .present invention may take the form of any of the 
known pharmaceutical compositions for oral, rectal, 
parenteral or topical administration. Pharmaceutically ^ 
' acceptable carriers suitable for use in such compositions 
are well known in the art of pharmacy. The composi- 
tions of the invention may contain 0.1-90% by weight 
of active compound. The compositions of the invention 
are generally prepared in unit dosage form. 

Compositions for oral administration are the pre- 
ferred compositions of the invention and these are the 
known pharmaceutical forms for such administration, 
for example tablets, capsules, syrups and aqueous or oily 
suspensions. The excipients used in the preparation of 
these compounds are the excipients known in the phar- 
macists* art. Tablets may be prepared by mixing the 
active compound with an inert diluent such as calcium 
phosphate in the presence of disintegrating agents, for 
example maize starch, and lubricating agents, for exam- ^5 
pie magnesium stearate, and tableting the mixture by 
known methods. The tablets may be formulated in a 
manner known to those skilled in the art so as to give a 
sustained release of the compounds of the present inven- 
tion. Such tablets may, if desired, be provided with 60 
enteric coatings by known methods, for example by the 
use of cellulose acetate phthalate. Similarly, capsules, 
for example hard or soft gelatin capsules, containing the 
active compound with or without added excipients, 
may be prepared by conventional means and, if desired, 
provided with enteric coatings in a known manner. The 
tablets and capsules may conveniently each contain 1 to 
500 mg of the active compound. Other compositions for 



oral administration include, for example, aqueous sus- 
pensions containing the active compound in an aqueous 
medium in the presence of a non-toxic suspending agent 
such as sodium carboxyraethylcellulose, and oily sus- 
pensions contsdning a compound of the present inven- 
tion in a suitable vegetable oil, for example arachis oil. 

Compositions for the invention suitable for rectal 
administration are the known pharmaceutical forms for 
such administration, for example suppositories with 
cocoa butter or polyethylene glycol bases. 

Compositions of the invention suitable for parenteral 
administration are the known pharmaceutical forms for 
such administration, for example sterile suspensions in 
aqueous and oily media or sterQe solutions in a suitable 
solvent. 

Compositions for topical admmistration may com- 
prise a matrix in which the pharmacologically active 
compounds of the present invention are dispersed so 
that the compounds are held in contact with the skin in 
order to administer the compounds transdermally. Al- 
ternatively the active compounds may be dispersed in a 
pharmaceutically acceptable cream or ointment base. 

In some formulations it may be beneficial to tise the 
compounds of the present invention in the form of parti- 
cles of very small size, for example as obtained by fluid 
energy milling. 

In the compositions of the present invention the ac- 
tive compound may, if desired, be associated with other 
30 compatible pharmacologically active ingredients. 

The pharmaceutical compositions containing a thera- 
peutically effective amount of a compound of formula I 
may be used to treat depression in mammals including 
human beings. In such treatment the amount of the 
compound of formula I administered per day is in the 
range 1 to 1000 mg preferably 5 to 500 mg. 

Compounds of formula I in which R4 is CHO may be 
prepared by the reductive amidation of ketones of for- 
mula V 



45 




65 



for example with formamide and formic acid or ammo- 
nium formate and formic acid to give compounds of 
formula I in which R4 is CHO and Ra is H or with 
formamides of formula HCONHR3 in which R3 is an 
alkyl or cycloaikyl group and formic acid or amines of 
formula R3NH2 in which R3 is an alkyl or cycloaikyl 
group and formic acid. 

Compounds of formula I in which R4 is CHO may be 
prepared by the formylation of compounds of Formula 
I in which R4 is H for example by reaction with methyl 
formate. 

Compounds of formula I in which R3 is other than H 
and R4 is CHO may be prepared by reacting compounds 
of formula I in which R3 is H and R4 is CHO with a 
compoimd of formula R3X where X is a leaving group 
such as a halo group in the presence of a base. 

Compounds of formula I may be prepared by the 
reductive amination of ketones of formula V. 

Examples of suitable reductive amination processes 
are given below: 

(a) for compounds of formula I in which R3 and R4 
are H, by reaction of the ketone with an ammonium salt 
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for example ammonium acetate and a reducing agent 
such as sodium cyanoborohydride, viii 

(b) for compounds of formula I in which R3 is alkyl or ^^^^^ V CRtR^coNHi 
cycloalkyi and lU is H by reaction of the ketone with an 
amine of formula R3NH2 and a reducing agent such as 5 
sodium cyanoborohydride or sodium borohydride, 

(c) for compounds of formula I in which ndther Rj compounds of formula I in which R3 and R4 are H 
nor R41S hydrogen or m which R3 and R4 together with „„„ k. k„ <4-«.,h«,«i«»;„»V«.^.n..m.„f 
the nitrogen atom fonn a heterocyclic ring, by reaction T Ptepmd by the decarboxylative rearrangement 

i .r w ■ . »'>^/'-"K , wyJL™"™ of acyi azides m the Curtius reaction. The acyl azidcs 

of the ketone wiUi an amme of formula imRjR4 and 10 ^^^^ ^ J 

either formic acid or a reducmg agent such as sodium ^jj, l,^^^ ^y^. 

cyanoborohydnde, 

(d) for compounds of formula I m which one or both - 

of R3 and R4 are H or an alkyl or a cycloalkyi group or ^'v^/ \ CRiRi-Coa ^ 

in which R3 and R4 together with the nitrogen atom 
form a heterocyclic ring, by catalytic hydrogenation at 
elevated temperature and pressure of a mixture of the 
ketone and an amine of formula HNR3R4. 

Compounds of formula I in which R3 and R4 are both Compounds of formula I in which R3 and R4 are H 
alkyl groups may be prepared by reacting a ketone of prepared by a Schmidt reaction in which car- 

formula V with a disdkyl formamide of formula boxylic acids of formula X react with hydrazoic acid 
HCONR3R4 for example in the presence of formic acid. 

Compounds of formula I may be prepared by the 

reductionof compounds of formula VI '^v^J \ CR1R2.COOH 

VI 

Compounds of formula I in which R4 is H may be 
30 prepared by hydrolysis of compounds of formula I in 
which R4 is CHO, for example by acid hydrolysis, 
in which Compounds of formula I in which R4 is methyl may 

(a) Z is a group of formula — CRi=NOH or an ester ^® prepared by reduction of compounds of formula I in 
or ether thereof to give compounds of formula I in which R4 is CHO, for example by lithium aluminium 
which R2, R3 and R4 are H; 35 hydride or by sodium bis(2-methoxyethoxy)aluminium 

(b) Z is a group of formula — CRi=NR3 (where R3 is hydride. 

other than H or CHO) to give compounds of formula I Compounds of formula I in which one or both of R3 
in which ^ ^s other than H may be prepared from com- 

R2 and R4 are H; pounds of formula I in which one or both of R3 and R4 

(c) Z is a group of formula — CRi=NY in which Y 40 are hydrogen by methods which are well known in the 
represents a metal-containing moiety derived from an ^ conversion of primary to secondary or tcr- 
organometallic reagent to give compounds of formula I amines or for the conversion of secondary to tcr- 
in which R2, R3 and R4 are H; ^iary amines. The following are given as examples of 

Suitable reducing agents for the above reactions in- suitable processes: 
elude sodium borohydride, sodium cyanoborohydride, ^5 (a) by alkylating primary amines of formula I to give 
or lithium aluminium hydride. secondary amines of formula I for example by a process 

In (c) above Y is preferably MgBr derived from a which includes the steps of protecting the primary 
Grignard reagent or Li derived from an organolithium amine with a protecting group such as trifluoroacetyl, 
compound. alkylating with an alkyl halide and removing the pro- 

Compounds of formula I may be prepared by the tecting group for example by hydrolysis; 
reaction of an organometallic reagent for example a alkylating primary amines of formula I, for 

Grignard reagent of formula RiMgX where X is CI, Br example, with an alkyl halide to give tertiary amines of 
or I or an organolithium compound of formula RiLi formula I in which R3 and R4 are the same; 
with an imine of formula VII (c) by alkylating secondary amines of formula I, for 

53 example, with an alkyl halide to give tertiary amines of 
formula I in which R3 and R4 may be different; 

(d) by reacting primary amines of formula I with 
sodium borohydride and acetic acid to give secondary 
amines of formula I in which R3 is ethyl and R4 is H; 
60 (e) by reacting primary amines of formula I with 
formaldehyde and formic acid to give tertiary amines of 
followed by hydrolysis to give a secondary amine of formula I in which both R3 and R4 are methyl 
formula I. (fj by reacting secondary amines of formula I in 

Compounds of formula I in which R3 and R4 are H which R4 is H with formaldehyde and formic acid to 
may be prepared by the decarboxylative rearrange- 65 give tertiary amines of formula I in which R4 is methyl 
ment, for example using iodosobenzene-bistrifluoroace- (g) by formylating primary amines of formula I, for 
tate or by a Hofnmn reaction using bromine in alkaline example by reaction with methyl formate, and reducing 
solution, of amides of formula VIII the resulting formamidcs, for example with lithium 




vn 



4,746,680 



15 



aluminium hydride to give secondary amines of formula 
I in which R3 is methyl and R4 is H; 

(h) by fonnylating secondary amines of formula I, for 
example by reaction with methyl formate, and reducing 
the resulting fonnamides, for example with lithium 5 
aluminium hydride to give tertiary amines of formula I 

in which R4 is methyl. 

(i) by acylating primary amines of formula I, for ex- 
ample by reaction with an acyl chloride of formula 
R12COCI or an anhydride of formula (Ri2CO)20 in 10 
which R12 is an alkyl» alkcnyl or alkynyl group and 
reducing the resulting amides for example with lithium 
aluminium hydride to give secondary amines of formula 

I in which R3 is — CH2R12 and R4 is H. 

(j) by acylating secondary amines of formula I in 
which R4 is H for example by reaction with an acyl 
chloride of formula R12COCI or an anhydride of for- 
mula (Ri2CO)20 in which R 12 is an alkyl, alkenyl or 
alkynyl group and reducing the resulting amides for 
example with lithium aluminium hydride to give ter- 
tiary amines in which R4 is CH2R12; 

(k) by reacting primary amines of formula I with an 
aldehyde of formula R13CHO in which R13 may be an 
alkyl group, an alkenyl or alkynyl group or with a ke- 
tone of formula R14COR15 in which R14 and R13 which 25 
may be the same or different are an alkyl group, alkenyl 
group, alkynyl group or R14 and R15 together with 
carbon atom to which they are attached form an alicyc- 
lic xing and reducing the resulting imines or enamines 
for example with sodium cyanoborohydride or, when 30 
;Ri3, Ri4 or Ri5 are not alkenyl or alkynyl, by catalytic 
V hydrogenation to give secondary amines of formula I in 
which R3 is R13CH2 — and 



Ri4— CH— 



respectively; 

(1) by reacting primary amines of formula I with a 40 
non-geminally disubstituted alkane containing 2 or 3 
carbon atoms between the carbon atoms carrying the 
substituents which may be for example halo preferably 
bromo, or p-toluenesulphonyloxy to give compounds of 
formula I in which R3 and R4 together with the nitrogen 45 
to which they arc attached form a heterocyclic ring 
containing no heteroatoms other than the nitrogen 
atom. 

The ketones of formula V may be prepared by the 
hydrolysis of imines of formula XI 50 



CRi=NY 




XI 



55 



8 



Suitable organometallic reagents include Grignard rea- 
gents of formula RiMgX where X is CI, Br or I 
(Y=MgX) and organolithium compounds of formula 
RiLi (Y=Li). 

Ketones of formula V may be prepared by the reac- 
tion of carboxylic acid derivatives such as amides or 
add halides with an organometallic reagent for example 
by the reaction of an acid chlorides of formula XIH 



XIII 




with a Grignard reagent of formula RiMgX where X is 
CI, Br or I at low temperatures or by the reaction of 
carboxylic adds of formula XIV 



20 



COOH 




XIV 



with an organometallic reagent, for example an or- 
ganolithium compound of formula R}Li. 

Ketones of formula V in which Ri is alkyl (e.g. 
methyl) may be prepared by the reaction of a diazoal- 
kane (e.g. diazomethane) with aldehydes of formula XV 



XV 



35 




in which Y represents a metal-containing moiety de- 
rived from an organometallic reagent. The imines of 
formula XI may be prepared by the reaction of said ^ 
organometallic reagent with a cyano compounds of 
formula XII 



Compounds of formula VI in which Z is a group of 
formula --CRi=NOH or ethers or esters thereof may 
be prepared by the reaction of hydroxylamine or an 
ether or ester thereof with ketones of formula V. 

Compounds of formula VI in which Z is a group of 
formula — CRi=NR3 may be prepared by the reaction 
of amines of formula R3NH2 with ketones of formula V. 

The preparation of compounds of formula VI in 
which Z is a group of formula — CRi=NY has been 
described above in respect of compounds of formula XI. 

Imines of formula VII may be prepared by reaction of 
amines of formula R3NH2 with aldehydes of formula 
XV. 

Amides of formula VIII may be prepared by the 
reaction of ammonia with carboxylic add derivatives 
for example add chlorides of formula IX or they may be 
prepared from cyano compounds of formula XVI for 
example by hydration with aqueous adds or by reaction 
with hydrogen peroxide in the presence of a base. 



CR1R2.CN 




XVI 




XII 



Carboxytic adds of formula X and XTV may be pre- 
65 pared by the hydrolysis, for example basic hydrolysis, 
of cyano compounds of formula XVI and XII respec- 
tively. Carboxylic acids of formula X may be prepared 
by the reaction of amides of formula Vm with nitrous 
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add. Carboxylic acids of fonnula XIV may be prepared 
by the reaction of nitrous add with the amides formed 
by (a) the reaction of ammonia with carboxylic acid 
derivatives for example acid chlorides of formula Xm 
or (b) by the reaction of cyano compounds of formula 
XII with hydrogen peroxide in the presence of a base. 

Cyano compounds of formula XII may be prepared 
by the reaction of cyano compounds of formula XVII 



10 



R5. 



R6' 




xvn 



CHiCN 



with a l|3-disubstituted propane for example 1.3- 
dibromopropane and a base such as sodium hydride. 
Cyano compounds of fonnula XVm 



10 
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CHjCN 
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may be prepared from cyano compounds of formula ^ 
Xn by for example the following series of reactions 

(a) hydrolysis of the cyano group to form a carbox- 
ylic acid of formula XIV; 

(b) reduction of the carboxylic acid for example with 
lithium aluminium hydride or borane-dimethylsulphide 
complex to form the corresponding alcohol; 

(c) replacement of the hydroxy group of the alcohol 
by a leaving group for example a p-toluene sul- 
phonyloxy group and 

(d) replacement of the leaving group witH a cyano 
group. Cyano compounds of formula XVI in which one 
or both of K\ and R2 are other than H may be prepared 
from the corresponding cyano compounds of formula 



(c) by the oxidation of alcohols (prepared by the 
reduction of carboxylic adds of formula XIV) with, for 
example, chromium trioxide-pyridine complex in di- 
chloromethane under anhydrous conditions. 

Ketones of formula V (except those in which R5 and 
Rc are H and Ri is methyl or ethyl), the compounds of 
formula VI (except those in which Z is CRi=NY and 
R5 and R6 are H and Ri is methyl and ethyl), the imines 
of formula VII (except those in which Rj and Re are H), 
and XI (except those in which R5 and Re are H and Rt 
is methyl or ethyl), the amides of fonnula VIII, the 
carboxylic acids of fonnula X (except those in which 
Ri» R2» R5 and Re are H), the cyano compounds of 
fonnula XVI and the acid chlorides of formula IX (ex- 
cept those in which Ri, R2, R5 and Re are H) which are 
described herein as intermediates are novel compounds. 
Some of the cyano compounds of formula XII and 
XVII are novel compounds. Such novel compounds 
form a further aspect of the present invention. 

Novel formamides of formula XIX 



CR1R2.N 




/ 
\ 



R3 



XJX 



CHO 
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are described herein as intermediates, in the preparation 
of compounds of formula I and such novel formamides 
form a further aspect of the present invention. 

The therapeutic activity of the compounds of formula 
I has been indicated by assessing the ability of the com- 
pounds to reverse the hypothermic effects of reserpinc 
in the following manner. Male mice of the Charles 
River CDl strain wdghing between 18 and 30 grammes 
were separated into groups of five and were supplied 
with food and water ad libitum. After five hours the 
. . t, - ^°^y temperature of each mouse was taken orally and 

XVI in which Ri and/or R2 arc H, for example by 40 the mice were injected intraperitoneaUy with reserpine 
alkylauon with an alkyl halide in the presence of a base (5 mg/kg) in solution in deionised water containing 
such as Uthium diisopropylamide. ascorbic add (50 mg/ml). The amount of Uquid injected 

Cyano compounds of fonnula XVI in which R2 =H was 10 mlAg of body weight. Nine hours after the start 
may also be prepared by reacting ketones of fonnula V of the test food was withdrawn but water was stUl avail- 
with a reagent for introducing a cyano group such as 45 



50 



p-toluenesulphonyhnethyl isocyanide. 

Acid chlorides of formula XIII and IX may be pre- 
pared by the reaction of carboxylic acids of formula 
XrV and X respectively with for example thionyl chlo- 
ride. 

Aldehydes of formula XV may be prepared by meth- 
ods weU known to those skilled in the art. The follow- 
ing are given as examples of suitable methods: 

(a) by the reduction of cyano compounds of fonnula 
XII with for example di-tert-butylaluminium hydride or 55 
diisobutylalnminium hydride. 

(b) by the reduction of carboxylic acid derivatives, 
for example 

(i) by the reduction of tertiary amides formed by the 
reaction of secondary amines with add chlorides of 60 
formula XIII for example when the secondary amine is 

a dialkylamine using lithium diethoxyaluminohydride as 
reducing agent or when the secondary amine is 
ethyleneimine using lithium aluminium hydride as the 
reducing agent, 

(ii) by the reduction of acid chlorides of formula XIII 
for example with lithium tri-tert-butoxyaluminohy- 
dride. 



65 



able ad libitum. Twenty-four hours after the start of the 
test the temperatures of the mice were taken and the 
mice were given the test compound suspended in a 
0.25% solution of hydroxy ethyl cellulose (sold under 
the trade name Cellosize QP 15000 by Union Carbide) 
in deionised water at a dose volume of 10 ml/kg of body 
weight. Three hours later the temperatures of all the 
mice were again taken. The percentage reversal of the 
rescrpine-induced loss of body temperature is then cal- 
culated by the formula: 

(Temperature after 27 hn - Temperature after 24 hours) X 100 
(TempcraniTe after 5 hn - Temperature after 24 hours) 

The mean value for each group of five mice was taken 
at several dose rates to enable a value of the mean dose 
which causes a 50% reversal (ED50) to be obtained. All 
the compounds which are the final products of the 
Examples hereinafter gave values of ED50 of 30 mg/kg 
or less. It is widely understood by those skilled in the art 
that this test is indicative of compounds having antide- 
pressant activity in humans. 

Table I liste compounds of formula I which gave a 
value of ED50 in the above test of 10 mg/kg or less. 
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TABLE I 

l-[l-(3.Wichlorophenyl)cyclobutyl]ethyIainine hydro- 
chlonde 

N-mcthyI-l-{l-(3.4-dichlorophenyl)cyclobutyl]ethyIa- 
mine hydrochloride 

N,N-diincthyM-[l-{3.4-dichlorophcnyl)cyclobutyl]e- 
thylaxnine hydrochloride 

l-[l-(4-iodophcnyl)cycIobutyl]ethyIamine hydrochlo- 
ride 

N-methyl-l-[l-(4-iodophenyl)cyclobuty!]ethyIamine 
hydrochloride 

N,N-dimethyM-[K4-iodophenyI)cyclobutyI]ethyIa- 
mine hydrochloride 

N-methyl-l-[l-(2-naphthyI)cyclobutyl]ethyIainine hy- 
drochloride 

N,N-dimethyl-l-[l-(^bloro-3-trifliioromethylphenyl)- 
cyclobutyl]ethylamixie hydrochloride 

l-[l.(4-chlorophenyl)cyclobutyl]butylainine hydro- 
chloride 

N-methy 1- 1 -[ 1 -(4-chlorophenyl)cyclobutyl]butylamine 
hydrochloride- 

N,N-dimethyM-(l-{4-chlorophenyl)cyclobutylIbutyla- 
mine hydrochloride 

l-[l-(3,4-dichlorophenyl)cyclobutyl]butylaiiune hydro- 
chloride 

N-methyl- 1 -[ H3 ,4-dichlorophcnyl)cyclobutyIIbuty la- 
mine hydrochloride 

N,N-dimcthyl- 1 -{ 1 -(3,4-dichlorophenyl)cyclobutyI]- 
butylamine hydrochloride 

l.[l-(4-biphenylyl)cyclobutyl]butylamine hydrochlo- 
ride 

N,N-dimethyl- 1 -[l-(4-biphenylyl)cyclobutyl]butyla- 

mine hydrochloride 
1 -[ 1 .(4-K;hloro-3-fluorophenyl)cyclobutyI]butylamine 

hydrochloride 
N-formyl-l-[l-(4-chloro-3-fluorophenyl)cyclobutyl]- 

buty lamine 

l-( l-(3-chloro-4-methylphenyl)cyclobutyl]butyIamine 

hydrochloride 
N-formyl- 1 -[ l-phenylcyclobutyl]butylamine 
l-[l-(3-trifluoromeihylphenyl)cyclobutyl]buty lamine 

hydrochloride 

l-[l-(naphth-2-yl)cyclobutyl]butylamine hydrochloride 45 
1 -[ 1 .(6-chloronaphth-2-yl)cyclobutyl]buty lamine 
N-methyl- 1 -[l-(4-chlorophenyI)cyclobutyl]-2-methyl- 

propylamine hydrochloride 
l-[ l-(4-chlorophenyl)cyclobutyl]pentylamine hydro- 
chloride 

N-methyl- 1 -( l-(4-chlorophenyl)cyclobutyl]pentyIa- 
mine hydrochloride 

N,N-dimethyl- 1 -(1-pheny Icy clobutyl]-3-me thy Ibuty la- 
mine hydrochloride 

l-[l-(4-chlorophenyl)cyclobutyl]-3-methylbutylamine 
hydrochloride 

N-methyl- 1 -[ l-(4-chloropheny!)cycIobutyl]-3-methyl- 
butylamine hydrochloride 

N,N-dimethyl-l-[l-(4-chlorophenyl)cyclobutyl]-3- 
methylbutylamine hydrochloride 

N-formyl- 1 -( 1 -{4-chlorophenyl)cycIobuty ll-3-methyl- 
butylamine 

N,N-dimethyM-[l-(3,4-dichlorophenyl)cyclobutyl]-3- 

methylbutylamine hydrochloride 
N-methyl- 1 -[ 1 -(naphth-2-yl)cyclobutyl]-3-methyI- 

butylamine hydrochloride 
N-methyl- 1-(1 -{3,4-dimethylphenyl)cyclobutyl]-3- 

methylbutylamine hydrochloride 
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Il-(4-chlorophenyl)cyclobutyl](cyclopropyl)methyla- 

mine hydrochloride 
N-methyl-[ I -(4-chlorophenyl)cyclobutyI](cyclopen- 

tyl)methylamine hydrochloride 
[l-(4^hlorophenyl)cyclobutyl](cyclohexyl)methyla- 

mine hydrochloride 
N-methyl-(l-(4-chlorophenyl)cyciobutyl](cycIohexyI)- 

methylamine hydrochloride 
[ I -(3 ,4.dichlorophenyl)cyclobuty l](cyclohexyl)me- 

tbylamine hydrochloride 
N-methyl-[l-(3,4-dichlorophenyl)cycIobutyl](cy- 

clohexyl)methylamine hydrochloride 
(l-(4-chlorophenyl)cyclobutyl](cycloheptyl)methyla- 

mine hydrochloride 
l-[l-{4-chlorophenyl)cycl6butyl]-2-cyclopropylethyla- 

mine hydrochloride 
N,N-dimethyH-[l-(4-chlorophenyl)cyclobutyl]-2- 

cyclohexylethylamine hydrochloride 
a-[l-(4-chlorophenyl)cyclobutylIbenzylaraine hydro- 
chloride 

N-methyI-a-[l-(4-chlorophenyI)cycIobutyl]benzyIa- 

mine hydrochloride 
l-[l-(4-chloro-2-fluorophenyl)cyclobutyl]butylamine 
N^-dimethyl-l-(l-(4-chloro-2-fluorophenyl)cy- 

clobutyl]butylamine hydrochloride 
N-ethyI-l-[l-(3,4-dichlorophenyl)cyclobutyl]ethyla- 

mine hydrochloride 
N,N-diethyl-l-[l-(3,4-dichlorophenyl)cyclobutyl]e- 
thylamine hydrochloride 

The invention will now be illustrated by the follow- 
ing Examples which are given by way of example only. 
All compounds were characterised by conventional 
analytical techniques and gave satisfactory elemental 
analyses. All melting and boiling points are expressed in 
degrees Celsius. 

EXAMPLE 1 

A solution of 3,4-dichlorobenzyl cyanide (25 g) and 
1,3-dibromopropane (15 ml) in dry dimethyl sulphoxide 
(150 ml) was added dropwise under nitrogen to a stirred 
mixture of sodium hydride (7.5 g) dispersed in mineral 
oil (7.5 g) and dimethylsulphoxide (200 ml) at a temper- 
ature in the range 30* to 35* C. The mixture was stirred 
at room temperature for two hours and propan-2-ol (8 
ml) and then water (110 ml) were added dropwise. The 
mixture was filtered through a diatomaceous earth sold 
under the Registered Trade Mark CELITE and the 
solid residue washed with ether. The ether layer was 
separated, washed with water, dried and evaporated. 
1 -(3,4-Dichlorophenyl)- l-cyclobutanecarbonitrile (b.p. 
108'- 120" C. at 0.15 Hg) was isolated by distUlation. 
This method is a modification of that described by But- 
ler and PoUate (J.Org.Chem.. Vol. 36. No. 9, 1971, p. 
1308). 

The 1 -(3,4-dichlorophenyl> 1 -cyclobutanecarboni- 
trile prepared as above (21.7 g) was dissolved in dry 
ether (50 ml) and the solution was added under nitrogen 
to the product of the reaction of gaseous methyl bro- 
mide with magnesium turnings 0.9 g) in dry ether (150 
ml). The mixture was stirred at room temperature for 
two hours and then under reflux for two hours. Crushed 
ice and then concentrated hydrochloric acid (100 ml) 
were added and the mixture heated under reflux for two 
hours. The ether layer was separated, washed with 
water and aqueous sodium bicarbonate, dried and evap- 
orated. l-Acetyl- l-(3,4-dichlorophenyl)cyclobutane 
(b.p. 108*- 110* at 0.2 mm Hg) was isolated by distilla- 
tion. 
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l-AcetyM-(3,4-dichlorophenyl)cyclobutane (9.1 g) 
prepared as above» formaioide (6.5 m]) and 98% fonnic 
acid (3 ml) were heated at 180* C. for sixteen hours to 
give N-formyl- 1 -[ 1 -(3,4-dich]orophenyl)cyclobutyl]e- 
thylamine. Concentrated hydrochloric acid (20 ml) was 
added and the mixture heated under reflux for three 
hours. The solution was then cooled, washed with ether 
and sodium hydroxide solution added. The product was 
extracted with ether, and the ether extract washed with 
water, dried and evaporated. l-[l-(3,4-Dichloro- 
phcnyl)cyclobutyl]ethylamine (b.p. 112*-118* at 0.2 
mm Hg) was isolated by distillation. The amine was 
dissolved in propan-2-ol and concentrated hydrochloric . Example 
acid and the solution evaporated to dryness to give 
l-[l-(3,4-dichlorophenyl)cyc]obutyl]ethylamine hydro- 
chloride (m.p. 185*-195* C). (Formula I Ri==Me; Rj, 
Rsand R4=H; R5=4.C1; R6=3-C1). 

EXAMPLE la 

The preparation of N-formyl-l-[l-(3,4-dichloro- ^ 
phenyl)cyclobutyl]ethylamine (m.p. 124*- 125* C.) (Ex- 
ample 1(a) Formula I Ri=Mc; Ra-H; R3=H; 
R4=CHO; R3=x4.Cl and R6=»3-a) described above 
was repeated and the product isolated by cooling the 
reaction mixture and collecting the solid produced by 
filtration. The formamide was then hydrolysed by con- 
centrated hydrochloric acid in industrial methylated 
spirit to give the hydrochloride salt of l-[l-(3,4- 
diclilorophenyl)cyctobutyl]ethylamine. 



In a similar way to that described above the com- 
pounds of Example 1(b) and 1(d) were converted into 
the compounds listed below. 



CHRiNMej.HO 




Stnrting 
MAieriaJ 



m.p. of 
HCl salt 



b.p. of free bue 



2(a) 
2(b) 



1(b) 
1(d) 



methyl 
methyl 



9g-lOOVOJ mm 



260-261* 



EXAMPLES 



In a similar manner to that described above in Exam- 
ples 1 and 2 N^-dimethyM.[l-(4-biphenylyl)cy- 
clobutyl]ethylamine hydrochloride (m,p. 196"- 197* C.) 
was prepared. (Formula I Ri=Me; Rj^H; R3, 
R4=Me; R5=4-phcnyI and R6=H). 

EXAMPLE 4 

1 -Acetyl- l-(3,4-dichlorophenyl)cycIobutane (15 g) 
prepared as described in Example 1, N-methyljforma- 

, (^^-^ formic acid (10.3 ml) and a 25% 

In rsimaar'manntf'to t^^^^^ above in Exam- aqueous solution of methylamine (1.5 ml) were mixed 
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pie la the following compounds were prepared The 
conditions for the hydrolysis of the formamides which 
were isolated by appropriate methods are shown in the 
footnotes. 



CHRiNH2.Ha 
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Example Ri R5 b.p. (free base) 



1(b) 
Kc) 
1(d) 

m 



methyl 
Q-butyl 
methyl 
methyl 



H 
H 
H 

CF3 



107VI J mm Hg 



m.p. of 
HQ salt 



I3S-I39' 
205-207* 
216-217' 



Note 

A 
B 

C 
D 



and heated with stirring at 170*- 180* for eight hours. 
The mixture was cooled and extracted with ether. The 
ether extract was washed, dried and evaporated to yield 
a light yellow oil which was heated under reflux with 
concentrated hydrochloric acid (50 ml) for two hours. 
Industrial methylated spirit (IMS) (50 ml) was added 
and the mixture heated under reflux for sixteen hours. 
The mixture was then cooled to 0* C. and the white 
^ precipitate collected by filtration, washed with acetone 
and dried. The product, N-methyM-[l-(3,4-dichloro- 
phenyl)cyclobutyl]ethylamine hydrochloride, had a 
melting point of 254* to 256* C. (Formula I Ri = Mc; 
R2=H; R3=Me; R4=H; R5 = 4-a and R6=3-a). 

In a similar manner to that described above the fol- 
lowing compounds of formula I were prepared 
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A. aqoeous HCI/tndustcul raethyUted spirit 

B. The l-vileryi-l-<4<:hloroptieoy]>cyclobutAft« was prcparal in tetnliydrafurmn. 50 
Hydrolytis wu performed uung eoBcentrated HCt/induatruJ meth/Uted iptrit. 

C coacentnted HCl/dielhyleiieglycotdiraethyl ether ^ « ttmikr [naaner to thai 

described bter in Exsmple 12). 

D. conccntiited HO/iadustral methytated spirit 




CHRiNHMc-HCI 



EXAMPLE 2 " 

The product of Example 1 (4.04 g), water (0.5 ml) and 
98% formic acid (3.6 ml) were mixed with cooling. 
37-40% Aqueous formaldehyde (3.8 ml) was added and 
the solution was heated at 85*-95' C. for five hours. The 60 
solution was evaporated to dryness and the residue 
acidified with concentrated hydrochloric acid and the 
water removed by repeated addition of propan-2-ol 
followed by evaporation in vacuo. Crystals of N,N- 
dimethyM-[l-(3,4-dichlorophenyl)cyclobutyI]cthyla. 63 
mine hydrochloride (m.p. 2ir-2l3' C) (Formula I 
Rl=Me; R2=H; R3. R4=Me; R5=4-CI; R6=3-C1) 
were isolated. 



£x- 
tnX' 
plc 


Ri 


Rs 




b.p. of amine 


m.p. of 
HQ salt 


4{t) 


Me 


a 


H 


98-100'/0.15 


240-24r 










mm 




4(b) 


Me 


H 


a 




269-272" 


4(c) 


Me 


Br 


H 














mm 




4(d) 


Me 


H 


Br 




231-255' 


4(e) 


Me 


CFj 


H 




219-221' 


4(0 


Me 


H 


CF3 




225-228* 


4(g) 


Me 


— (CH 


=CH)2- 




254-257* 


4(h) 


Me 


CI 


CF3 




198-200' 


4C0 


Et 


CI 


H 




23S-240* 


40) 


Pr 


CI 


H 




228-229' 


4(k) 


Bu 


a 


H 




152-153* 
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CHRiKHMeJiCI 



Ex- 
un- 

ple Ri 



R« 



b.p. of amine 



nLp. of 
HQ salt 



Note 



10 



4(1) Me I 



242-243* 



Note A 

The tuning ketoae wu prepared in tetrihydrofDrtn u reaction xdvent in pUee of 
eiher. 
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EXAMPLES 

A mixture of 70% aqueous ethylamine (50 ml) and 
water (100 ml) was gradually mixed with a mixture of 
98% formic acid (50 ml) and water (100 ml) to give a 20 
neutral solution which was evaporated at 100* C./100 
mm Hg until 180 ml of water had been collected. The 
residue was heated to 140* C. and l-acetyl-H4-chloro- 
phenyl)cyclobutane (10.4 g) prepared in a similar man- 
ner to that described in Example 1 for l-acetyl-l-(3,4- 2S 
dichlorophenyOcyclobutane and 98% formic acid (10 
ml) were added. The mixture was heated on an oil bath 
at a temperature of lS0'-200' C for sixteen hours. The 
mixture was distilled until an internal temperature of 
170* C. was obtained and this temperature was main- 30 
tained for two hours. Any volatile material was re- 
moved by distillation at 160* C./20 mm and the residue 
heated under reflux with concentrated hydrochloric 
acid (15 ml) and industrial methylated spirit (IMS) (15 
ml) for three hours. The IMS was evaporated on a 35 
rotary evaporator and the residue washed with ether. 
The aqueous phase was brought to pH 12 with sodium 
hydroxide and extracted with ether. The ether extract 
was' dried and on evaporation yielded a residue which 
was treated with aqueous hydrochloric acid to give 40 
N-ethyl- 1 -( 1 -(4-chlorophenyl)cyclobutyl]ethylamine 
hydrochloride (m.p. 203'-205' C.) (Formula I Ri=Me; 
R2=H; R3=Et; R4=H; R5=4-C1; R6=H). 



ether (b.p. 60*-80*) to yield N-formyl-l-[l-(4-chloro- 
phenyI)cyclobutyI]butyIamine (m.p. 97.5* to 98.5* C.) 
(Formula I Ri=propyl; R2=H; R3=H; Ri^CHO; 
R5=4.C1; R6=H). 

EXAMPLE 7 

A solution of l-(3,4-dichlorophenyl>l- 
cyclobutanecarbonitrile prepared as described in Exam- 
ple 1 (35.2 g) in ether (100 ml) was added to a solution 
of propyl magnesium bromide prepared by the reaction 
of propyl bromide (32 g) with magnesium turnings (6.36 
g) in ether (100 ml)'. The ether was replaced by dry 
toluene and the mixture heated under reflux for one 
hour. Water (200 ml) and then concentrated hydrochlo- 
ric acid (120 ml) were added and the mixture heated 
under reflux for one hour. The reaction mixture was 
extracted with ether and after washing and drying the 
extract yielded a residue from which. l-butyryl-l-(3,4- 
dichlorophenyl)cyclobutane (b.p. 120*-128* C. at 0.25 
mm) was distilled. 

TTie ketone produced as described above (37.0 g) and 
98% formic acid (9 ml) were added to formamide (23.5 
ml) at 170* C. and the temperature kept at 175*-180* C. 
for five hours. A further portion of formic acid (4.5 ml) 
was added and the mixture was maintained at 175*- 180* 
C. for a further fifteen hours. The mixture was extracted 
with ether which on evaporation gave a thick oil which 
was crystallised from petroleum ether (b.p. 60*-80*) to 
give N-forroyl- 1-[ l-(3,4-dichlorophenyl)cyclobutyl]- 
butylamine having a melting point of 103'- 105* C. (For- 
mula I Ri=propyI; R2=H; R3=H; R4=CHO; R5=4- 
Cl and R«=3-a). 

In a similar manner to that described above the fol- 
lowing compounds were made 



CHRiNHCHO 



EXAMPLE 6 
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l-(4-ChlorophenyI)-l-cycIobutanecarbonitrile (15 g) 
prepared in a similar manner to the l-(3,4-dich]oro- 
phenyl)cyclobutanecarbonitrile of Example 1 in dry 
ether (50 ml) was added to the product of the reaction 
between magnesium turnings (3.18 g) and propyl bro- 50 
mide (15.99 g) in dry ether (50 ml). The ether was re- 
placed by tetrahydrofiiran and the mixture heated with 
stirring under reflux for eighteen hours. The mixtm-e 
was cooled and ice and then concentrated hydrochloric 
acid (52 ml) added. The resulting mixture was stirred 55 
under reflux for ten hours and extracted with ether. The 
ether extract yielded a residue from which 1-butyryM- 
(4-chJorophenyl)cyclobutane (b.p. 106*-108*/0.3 mm 
Hg) was distilled. 

A mixture of the ketone produced as described above 60 
(21 g) and 98% formic acid (6 ml) was added over a 
period of one and a half hotirs to formamide (15 ml) at 
160* C. After completion of the addition the tempera- 
ture was raised to 180* to 185* C. and maintained in this 
range for five hours. The mixture was cooled and ex- 65 
tracted with chloroform to yield a thick gum which on 
heating with petroleum ether (b.p. 60*-80*) gave a co- 
lourless solid which was recrystallised from petroleum 




Example 


R| 


R5 


R« 


m-p. CO 


7(a) 


isobutyl 


a 


H 


110-112' 


7(b) 


propyl 


a 


F 


115-116' 


7(c) 


phenyl 


a 


H 


94-96* 


m 


propyl 


H 


H 


98-102* 



EXAMPLES 

The product of Example 7 (4.0 g) in dry tetrahydrofu- 
ran (25 ml) was added rapidly to a stirred mixture of 
Uthium aluminium hydride (1.4 g) in dry tetrahydrofu- 
ran (25 ml) under nitrogen. The mixture was heated 
under reflux for five hours and then cooled. Water (15 
ml) and then 10% sodium hydroxide solution (3 ml) 
were added and the mixture filtered through diatoma- 
ceous earth sold under the Registered Trade Mark 
CELITE. The product was extracted into ether, back 
extracted into 5N hydrochloric acid and the aqueous 
layer was basified and extracted with ether. The ether 
extract yielded an oil which was dissolved in propan-2- 
ol (5 ml) and concentrated hydrochloric acid was added 
to pH 2. Evaporation of the resulting solution gave a 
white solid which was collected, washed with acetone 
and dried. The product was N-methyl-l-[l-(3,4- 
dichlorophenyl)cyclobutyl]butylamine hydrochloride 
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and had a melting point of 234'-235' C. (Formula I 
Rl=propyl; Rz^H; Rj^H; R4=Me; Rs=4.CI and 
R6=3.a), 

In a similar manner to that described above the fol- 
lowing compounds were prepared 
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modifications in the isolation procedure are required as 
will be apparent to those skilled in the art 



CHRiNHMe.Ha 




CHRihTHMcHa 



Example 



Rl 



Rs 



R6 



m.p. CC) 



8(a) 
8(b) 



phenyl 
propyl 



CI 

a 



H 
H 



275-278' 
223-228' 



10 
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EXAMPLE 9 

The product of Example 7 (10 g) in solution in ether ^ 
(50 ml) was added to a 70% toluene solution of sodium 
bis(2-methoxyethoxy)aluminium hydride sold under the 
trade marie Red-al.(40 ml) at a temperature in the range 
23* to 30' C The mixture was stirred at this temperature 
for four hours. Water (25 ml) was added dropwise with ^ 
cooling and the mixture filtered through diatomaceous 
earth (CELITE). Aqueous NaOH was added and an 
ether extraction performed. The ether extract was 
washed with water and back extracted with 5N hydro- 
chloric acid. A white solid (m.p. 232'-235* C) appeared 
at the interface which was collected. Base was added to 
the aqueous phase and a further ether extraction per- 
formed. Evaporation of the ether extract yielded an oil 
which was dissolved in propan-2-ol (5 ml) and concen- 
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R* 
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9(») 


isopropyl 
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257-259' 


.. -9(b) 


sec-butyl . 
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209-212* 


9(c) 
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9(d) 


cyclopentyt 
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252-256* 


9(e) 


n-bexyl 
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4-melhoxyphenyl 
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264-266- 


9(g) 


3-methoxypbenyl 
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254-255* 


9(h) 


2-methoxypheayl 
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149-153* 


9(D' 


cyclohexyl 


a 


H 


170-172* 


9(D 


isobatyl 


-(CH 


=CH)2- 


256-259* 


m 


cyclobexyl 


a 


a 


223-224* 


90) 


isobotyl 


Me 


Me 


(1) 


9(m) 


propyl 


OMe 


H 


173-17r 


9(n) 


methyl 


phenyl 


H 


116-118* 



(1) Boiling point of free base > 150' at 1.0 mm Hg. 
EXAMPLE 10 



The product of Example 7 (4 g). diethyleneglycol- 
dimethyl ether (25 ml), water (10 ml) and concentrated 
hydrochloric acid (10 ml) were mixed and heated under 
reflux for nine hours. The solution was washed with 
ether and aqueous NaOH added before an ether extrac- 
tion was performed. The ether extract was washed with 

^ brine and water and yielded an oil on evaporation. The 

trated hydrochloric acid added to pH 2. EvaporationTo ^® dissolved in a mixture of propan-2-ol 

dryness gave a white solid (m.p. 233 •-236* C). The nil) and ether (20 ml) and concentrated hydrochloric 
white solids were combined and recrystallised from ^^'^ (^"^ added. The solvent was evaporated in 
propan-2-ol to yield N-methyl-l-[l.(3,4Kiichloro- vacuo. Repeated dissolution in industrial methylated 
phenyl)cyclobutyl]butylamine hydrochloride (m.p. ?P*"^ evaporation in vacuo gave a gum which solid- 
236'-237' C.) (Formula I Ri=propyl; R2=H; R3=H' ^ °° warming in vacuo. The product was recrystal- 



R4=Me; R3=4-Cland R6=3-C1), 

In a similar manner to that described above the fol- 
lowing compounds were prepared. Where the formyl 
starting material was insoluble in ether, a solution of the 
reducing agent was added to a stirred suspension of the 
formyl compound. As the size of the group Ri is in- 
creased the hydrochloride salts of the desired com- 
pounds become less soluble in the aqueous phase and 
more soluble in the organic phase so that appropriate 

50 



Used from petroleum ether (b.p. 100*-120* C.) and had 
a melting point of 20r-203' C. The product was 
(3,4-dichlorophenyl)cyclobutyl]butylamine hydrochlo- 
ride (Formula I Ri =propyl; R2=H; R3, R4=H; R3=4- 
Cl and R6=3.C1), 

In a similar manner to that described above the fol- 
loMring compounds were prepared. As the size X)f the 
group Rl is increased the hydrochloride salts of the 
desired compoimds become less soluble in the aqueous 
phase and more soluble in the organic phase so that 
appropriate modifications in the isolation procedure are 
required as will be apparent to those skilled in the art. 




CHRiNHj.HCl 
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•continued 




Example R| 



R3 



CHRiNH2,Ha 
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CH 



-A 



U) boiling potni of frte base 16S* C/OM mm Hg. 

(b) diefhyleneglycoldhnethyl etber replaced by etbyleneglycoldimetbyl etber. 



In a similar manner to that described above, l-[l-<4- 
chloro-2-fluorophenyl)cyclobutyI]butyIamine (b.p. 99* 
C./0.05 tnin). (Formula I Ri= propyl; R2, R3 and 
R4=H; R5=4-C1; R6=2-F), l.[l-(2-fluorophenyl)cy- 
clobutyllbutylamine hydrochloride (m.p. 175*- 177* C). 
(Formula I Ri=propyl; R2, R3. R4. R5=H and R6=2- 
F) and l-[l-(4-chloro-2-mcthyl)cyclobutylJbutylamine 
hydrochloride (m.p. 188"-190' C) (Formula I K\ =pro- 
pyl; R21 R3 and R4=H; R3=4-C1 and R6=2-Mc) were 
prepared as Examples 10(z), 10(aa) and I0(bb) respec- 
tively. 

EXAMPLE 11 

The product of Example 10(c) (3,3 g) in the form of 
the free base, formic acid (2.99 g) and water (1 ml) were 
mixed with cooling. 37-40% Aqueous formaldehyde 
(3.93 ml) was added and the mixture heated for eighteen 
hours at a temperature of 85*-95* C. Excess dilute hy- 
drochloric acid was added and the solution evaporated 
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to dryness. The residue was basified with 5N sodium 
hydroxide solution and the product was extracted into 
ether. Evaporation of the ether yielded a pale yellow oil 
which was dissolved in a mixture of propan-2-o] (4 ml) 
and ether (20 ml) and concentrated hydrochloric acid (2 
ml) was added dropwise. The solution was evaporated 
and the residue dissolved repeatedly in ethanol and 
evaporated in vacuo to give a gum which was triturated 
with petroleum ether (b.p. 60*-80*) to yield a yeUow 
solid which was recrystallised from acetone. The prod- 
uct was N,N-dimethyl-l-(l-(4-chlorophenyl)cy- 
clobutyl]-3-methylbutylamine hydrochloride (m.p. 
195*-197' C). (Formula I Ri=isobutyl; R2=H; R3, 
R4=Me; R3=4-C1; R6=H). 

In a similar manner to that described above the fol- 
lowing compounds of Formula I were prepared 



CHRiNMe2.HCl 
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10(t) 


cyclohexylmethyl 


a 


H 


194-196" 


11(g) 


10(u) 


cyclopropylmethyl 


CI 


H 


165-167' 


n(h) 


IO(v) 


propyl 


— CH=CH- 


-CC1=CH— 


(a) 


ll(i) 




Isobutyl 


Cl 


a 


223-226' 


tiO) 


10(1) 


4-fluorophenyl 


a 


H 


234* 


n(k) 




propyl 


tsopropyl 


H 


211-213* 



(>) boiling point of free bise <2Xr C7Q.05 mm Hg. 
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EXAMPLE lUl) 2-[l-(4-clilorophenyl)cyclobutyl]acetonitriIe (m.p. 

63*-65* C). 

In a similar manner to that described above N,N- A solution of di-isopropylamine (16.5 g) in dry tetra- 

dimethyl-l-[l-(4-chloro-2-fluorophenyI)cyclobutylJ- hydrofuran (50 ml) was stirred under nitrogen at a tem- 

butylamine hydrochloride (m.p. 183") was prepared. 3 perature of 0* C. and a 1.6M solution of n-butyllithium 

(Formula I Ri= propyl; R2=H; R3, R4-Me; R5=4-C1; in hexane (100 ml) added dropwise. The reaction mix- 

R5= 2-F), turc was stirred for 30 minutes and then cooled to - 78* 

cYATLfPT p o ^' ^ solution of 2-[l-(4-chlorophenyl)cyclobutyl- 

^^^^^^^^^ ]acctonitrile (9.5 g) prepared as described above in dry 

The product of Ejiample 7 (8.3 g), diethylencglycol- 10 tetrahydrofuran (25 ml) was added dropwise. The tem- 

dimethyl ether (50 ml), water (20 ml) and concentrated perature of the mixture was allowed to rise to 0* C. and 

hydrochloric acid (20 ml) were mixed and heated under the mixture was stirred for ten minutes before a solution 

reflux for sixteen hours. The mixture was poured into methyl iodide (10 ml) in tetrahydrofuran (10 ml) was 

water aqueous NaOH was added and the product ex- added. Tetrahydrofuran (75 ml) was added to give a 

tracted into ether. Evaporation gave a dark oil. A sam- homogeneous solution and a further solution of methyl 

pie ofthis oil (7.9 g), water (0.7 ml) and formic acid (6.5 iodide (4 ml) in tetrahydrofuran (10 ml) added. The 

ml) were mixed and formaldehyde (6.5 ml) added. The mixture was stirred at ambient temperature for two 

mixture was heated under reflux for three hours and hours and then water (50 ml) added. The aqueous phase 

then concentrated hydrochloric acid (10 ml) and pro- washed with ether and the ether combined with the 

pan-2-ol (10 ml) were added. Evaporation to dryness organic phase of the reaction mixture. The combined 

gave N,N-dimethyl-l-(l-(3.4^chlorophenyl)cy- organic phases were washed three times with 5N hy- 

cIobutyl]butylamine hydrochloride (m.p. 195'-196') as drochloric add, three times vwth water, dried and evap- 

a white solid (Formula I Ri=propyl; R2=H; R3. orated to yield an oil which solidified and was recrystal- 

R4=Me; R5=4-a and R6==3-CI). ^ ^^^^ industrial methylated spirit to give 2.[l-(4- 

25 chlorophenyl)cyclobutyl]-2-methylpropionitrile (m.p. 

EXAMPLE 13 73*-75' C). 

K4-Chlorophenyl)-l-cyclobutanecarbonitrile (37.6 °f^^^ prepared above (4 g) was heated under 

g) prepared in a similar manner to the l.(3,4-dichloro. '^^"^.T'^^^'?^ hydroxide (8 g) m diethylenegly- 

phenyl>l<yclobutanecarbonitrile described in Exam- "^^^^ ^] ^4 hours The reaction mixture was 

pie 1 was added to a solution of potassium hydroxide ^^^^^ ^^^^ ^^2^^ the aqueous phase 

(32.4 g) in diethylencglycol (370 ml) and the mixture « ^J*'^.,^!'^ The aqueous phase was acidi- 

heated under reflux for thri and a half hours. THe ^'1^^ hydrocWonc acid and extracted with three 

reaction mixture was poured into an ice/water mixture jlu t";^^^^ f?!''' ^"^^ 

and the resulting solution was washed with ether. The „ 1^?^ ZT' . evaporated to give a 

aqueous layer was added to a mixture of concentrated " ^^J^ ^'^^ ^^t'^ "^"^tmZ^^^^ 

o^s^:^^f'li!2^hr^ r r fr^^^-^ SutyV2.m^^^^^^ 

S and ?ri«? ^ ^ ^^'^^^^ effervesencc had 

A f\u -J /iA < X J u ' ^ subsided the mixture was heated under reflux for one 

t.t^,WH.nf" ^.n ^^^rj"^'** as above m hour. Excess oxalyl chloride was removed by distilla. 

^ T . ^ "^"^ '^"I'r u^P^' ^« ^^idual oU added to concentrated aqueous 

hvS O o^ Tt K "f^^^^^^^ ammonia (75 ml). An oily soUd formed which was ex- 

hydnde (2 g) m tetrahydrofuran (150 ml). The mixture tracted into ethyl acetate. The extract was washed with 

stirred under reflux for t^^ 45 ^ evaporated to give 2-[l-(^hloro. 

^Ft'^^^Tpt^ "^7^^ dtatomaceous earth phenyI)cyclobutyl].2.methyl propionamide. 

(CELITE-RTM) and the product extracted mto ether. jTie amide prepared as above (1.34 g) was dissolved 

After washmg with water and drymg, the ether was in a mixture of acetonitrile (8 ml) and water (8 ml) and 

evaporated to give a r«iduc which was recrystallised iodosobenzenc bistrifluoroacetate (3.4 g) added and the 

^Z!^^^"''V'^Z^^^^^^^ ''^^^ temperature for five and a 

IJ^"^!^.^^^^^ ^^'^ co'i^ntrated hydrochlo- 

A~ t j^* r.L 1 !_ 1 . , ^^^^ added and the mixture extracted 

A solution of the alcohol prepared as descnbed above with ether. The ether extract was washed with 5N hy- 

(60 g) m pyndme (52 ml) was added dropwise to a drochloric add and the aqueous phase basified and 

solution of p-tolucncsulphonylchloride (60 g) in pyri- 55 extracted with ftnthcr portions of ether which were 

dmc (100 ml) cooled m ice. The temperature was al- dried and evaporated to give an oiL The oil was dis- 

lowed to nsc to room temperature and rcmam there for solved in petroleum ether (b.p. 80'-100*) and dry hy- 

eighteen hours. l-[K4.Chlorophenyl)cydobutyl]- drogen chloride gas passed through the solution, l-fl- 

methyl p-toluene sulphonate (nLp. 99*-100* C.) was (4-Chlorophenyl)cydobutyl].l-methylcthylamine hy- 

preapitated by pounng the reaction mixture into a 60 drochloride (m.p. 257*-259* C) was collected by filtra- 

mixtureoficc and concentrated hydrochloric add (200 tion (Formula I Ri, R2=Me; R3. R4=H; R5=4-a- 

°^)- R«=H). 

A solution of the sulphonate compound (97 g) pre- 
pared as described above and sodium cyanide (16.6 g) in EXAMPLE 4 
dimethyl sulphoxidc (370 ml) was heated on a steam 65 The product of Example 4(h) (3.4 g) was mixed with 
bath for eighteen hours. The mixture was poured into anhydrous sodium formate (0.72 g), 98% formic acid 
water and extracted with ether. After washing and (10 ml) and 37^% aqueous formaldehyde solution (5 
drying the ether was evaporated to leave a solid residue ml) and the mixture heated at a temperature of 85'-95' 
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C. for sixteen hours. The mixture was diluted with 
water (50 ml) and basificd to pH 10 with aqueous so- 
dium hydroxide solution. The basic aqueous solution 
was extracted with ether, washed with water and dried 
with magnesium sulphate. Dry hydrogen chloride gas 5 
was bubbled through the ether extract to give a white 
precipitate of N,N-dimethyl- 1 •[ 1 -{4-chioro-3-tri- 
nuoromethylphenyl)cyclobutyl]eihylamine hydrochlo- 
ride (m.p. 246*-247* C.) (Formula I Ri=Me; R2=H; 
R3, R4=Me; R5=4-a and R6=3-CF3). 10 

EXAMPLE 15 

The production of salts of the compounds of the 
invention is illustrated by the following Examples in 
which equimolar amoimts of the base and the acid were 13 
taken up in a solvent. The salt was then obtained from 
the solution by conventional techniques. 



Example 


Base 


Acid 


Solvait 


m.p. of salt 


15(a) 


I0(s) 


citric 


aqueous acetone 


15^160* 


I5Cb) 


I0($) 


maleic 


ether 


155-157' 


15(c) 


I0(«) 


succinic 


ether 


152-155' 


15(d) 


2 


L(+)(artflric 


I.M.& 


150-153' 


15(c) 


Note (a) 


citric 


ethcr/methanol 


163-164' 






(dec) 



20 



(») The base WM KI-(3.4-diiBethyJphenyl)cyclob«tyl]-3-methytbutybmuio pre- 
pared in B aimiUr nunner to that described in Example la 



EXAMPLE 16 

A solution of bromobenzene (15.7 g) in ether (30 ml) 
- was added dropwise with cooling to magnesium turning 
(2.4 g) under an atmosphere of nitrogen. A solution of 
l-(4-chlorophenyl)-cyclobutanecarbonitrile (19.1 g) 
prepared in a similar manner to that described in Exam- 
ple 1 for the l-(3,4-dichlorophenyl)cyclobutane car- 
bonitrile in ether (50 ml) was added and the ether re- 
placed by dry toluene (130 ml). The reaction mixture 
-wa5 heated on a steam bath for one hour. A sample (20 
ml) of the resulting solution was added to a solution of 
-sodium borohydride (1 g) in dicthyleneglycoldimethyl ^ 
"ether (60 ml) and the mixture was stirred for one and a 
'half hours. Water (60 ml) was added slowly and the 
aqueous layer extracted with toluene. The toluene ex- 
tracts were washed with water, dried and evaporated to 
give a residue which was dissolved in methanol (50 ml). 
6N Hydrochloric acid (5 ml) was added and the solu- 
tion filtered and evaporated. Trituration with dry ace- 
tone ^ve a-(l-(4-chlorophenyl)cyclobutyl]benzyla- 
mine hydrochloride (m.p. 277*-279* C.) (Formula I 
R, = Ph; R2=H; R3, R4=H; R54-CI; R6=H). 50 

EXAMPLE 17 

Methyl formate (62 ml) was added dropwise to iso- 
propylamine (85.5 ml) with stirring at a rate which 
maintained gentle reflux conditions. Stirring was con- 55 
tinued for two hours after the addition. Methanol was 
distilled off at 1(X)' C. and N-isopropylformamide (b.p. 
108'- 109* C./25 mm Hg) obtained by distillation. 

l-Acetyl-l-(4-chlorophcnyl)cyclobutane (10.4 g) pre- 
pared in a similar manner to that described in Example 60 
1 for l-acctyH-(3,4-dichlorophenyl)cyclobutane and 
98% formic acid (5 ml) were added to N-isopropylfor- 
mamide (43.5 g) and the mixture heated at 180* C. for 
four hours. Excess starting material was distilled off 
under reduced pressure (20 mm Hg) to leave a viscous 65 
residue which was heated under reflux with concen- 
trated hydrochloric acid (30 ml) for six hours. The 
reaction mixture was washed with ether until a colour- 



less solution was obtained. The aqueous phase awas 
basified, extracted with ether, dried and evaporated to 
give an oil which was dissolved in 5N hydrochloric 
acid. On evaporation a yellow oil was obtained which 
was triturated with petroleum ether (b.p. 62°-68* C) to 
give N-isopropyl-l-[l-(4-chlorophenyl)cyclobutyl]e- 
thyJamine hydrochloride (m.p. 170*-174* C) (Formula 
I Ri^Me; Ri^H; R3=isopropyi; R4=H; R5=4.a; 
R6=H). 

EXAMPLE 18 
l-Acetyl-l-(3,4-dichlorophcnyl)cyclobutane (7.0 g) 
prepared as described in Example 1 was slowly added 
to a mixture of pyrrolidine (25 ml) and 98% formic acid 
(15 ml) heated to 130*-135' C. for five hours. The mix- 
ture was stirred and heated at 160**165* C. for sixteen 
hours. After cooling the mixture was poured into 5N 
hydrochloric acid (2(X> ml). The solution was washed 
with ether, basified with aqueous sodium hydroxide 
solution and extracted with ether. The ether extract was 
washed with water, dried and hydrogen chloride gas 
was passed into the extract which was then evaporated 
to dryness. The residue was triturated with dry ether to 
give a solid which was recrystallised from propan-2-ol 
to give N-l-[l-(3»4-dichlorophenyl)cycIobutyl]ethyl 
pyrrolidine hydrochloride (m.p. 233*-235* C.) (For- 
mula I Ri=Me; R2=H; R3 and R4 together with the 
nitrogen to which they are attached form a pyrrolidine 
ring; R5=4-C1 and R6=3-C1). 

EXAMPLE 19 

1 -(4-Chlorophenyl)- 1 -cyclobutane carboxylic acid 
(10.5 g) prepared as described in Example 13 was heated 
under reflux with thionyl chloride (20 ml) for 2i hours. 
Excess thionyl chloride was evaporated off and the acid 
chloride of the above acid distilled (b.p. 82*-96*/0.2 
mm Hg). 

A solution of the acid chloride (23.0 g) in dry tetrahy- 
drofuran (100 ml) was added slowly to the product of 
the reaction of magnesium turnings (3.0 g) and ethyl 
bromide (12.0 g) in dry tetrahydrofuran at a tempera- 
ture of -70* to —60* C The temperature was kept at 
— 60* C. for an hour and was then allowed to rise to 0* 
C. Water (50 ml) was added followed by 5N hydrochlo- 
ric acid (150 ml) with cooling. The reaction mixture 
was extracted with ether, washed with water, sodium 
bicarbonate solution, dried. The solvent was removed 
by evaporation and l-propionyl-l-(4-chlorophenyl)cy- 
clobutane obtained by distillation (b.p. 96*- 104* C./0.25 
mm). 

The ketone produced above was converted to N,N- 
dimethyl- 1 -[ l-(4-chlorophenyl)cyclobutylpropylamine 
hydrochloride (m.p. 213'-215* C.) in a similar manner 
to that described in Example 12 (Formula I Ri = Et; 
R2=H; R3, R4«=Me; R5=4-C1; R6=H). 

EXAMPLE 20 

1 -Acetyl- l-(4-chlorophenyI)cyclobutane (61 g pre- 
pared in a similar manner to that described in Example 
I for 1 -acetyl- l-(3,4-dichlorophenyl)cyclobutane, plati- 
num oxide (0.75 g), 33% solution of methylamine in 
ethanol (60 g) and ethanol (30 ml) were charged into an 
autoclave. The autoclave was filled with hydrogen and 
maintained at about 60* C. and 20 bar pressiire for ten 
hours. The reaction mixture was filtered through char- 
coal and the solids washed with absolute alcohol. The 
solvents were removed by evaporation and a sample of 



the residue (10 g) was shaken with 2M hydrochloric 
acid (50 ml) and ether (50 ml). The aqueous layer was 
basificd and extracted with ether. The ether extract 
yielded a liquid on evaporation which was distilled 
(109' a/0.3 mm Hg) to give N-methyI-l-(l-(4-chloro- 3 
phenyl)cyclobuty]]ethylamine (Formula I Ri=Me; 
R2=H; R3=Me; R4=H; R5=4-C1 and R6=H). 

EXAMPLE 21 

Sodium borohydride (2.0 g) was added to solution of 10 
l*[l-(3»4-djchlorophenyl)cycIobutyl]ethylamine (1.5 g 
prepared by treating the product of Example I with 
aqueous sodium hydroxide) in glacial acetic acid (30 
ml). The mixture was heated at 95*-100* C. for sixteen 
hours and then cooled. Aqueous sodium hydroxide IS 
solution was added and the reaction mixture extracted 
with ether. The ether extract was shaken with 5N hy- 
drochloric add and the aqueous layer was washed with 
ether, basiiied and extracted with ether. Hydrogen 
chloride gas was passed into the ether extract which 20 
was evaporated to dryness. Trituration with the acetone 
gave N-cthyl- 1 -(1 -(3,4-dichlorophenyl)cyclobutyl]e- 
thylamine hydrochloride (m.p. 21 r-212* C). (Formula 
I Ri=Me; R2=H; R3=Et; R4=H; Rs=4-a and 
R6=3-C1.) 25 

EXAMPLE 22 

A mixture of N-cthyl-l-[l-(3,4-dichlorophenyl)cy- 
clobutyl]ethylamine (0.5 g prepared by treating the 
product of Example 21 with aqueous sodium hydrox- 30 
ide) and acetic anhydride (1 ml) was heated at 40*-45* 
C. for thirty minutes. The reaction mixture was basified 
and extracted with ether. The ether extract was washed, 
dried and evaporated to give N-flcetyl-N-cthyl-l-[l- 
(3,4-dichlorophenyl)cyclobutyl]ethyiamine as an oil. 35 

This oil was dissolved in tetrahyrofuran (10 ml) and 
borane-dimethylsulphide complex (0.5 ml) added drop- 
wise. The reaction mixture was stirred at room tempera- 
ture for two hours and then heated to 35 "-40* C. for 
thirty minutes. After cooling the reaction mixture was 40 
basificd and extracted with ether. Hydrogen chloride 
gas was passed into the dried ether extract which was 
evaporated to dryness. Trituration with ether gave 
N,N-diethyl-l-[l-(3,4-dichlorophenyl)cyclobutyl]e- 
thylamine hydrochloride (m.p. 199"-20r C). (Formula 45 
I Ri=Mc; R2=H; R3, R4=Et; R5=4-C1 and R6=3- 
Cl.) 

EXAMPLE 23 

A mixture of l-acetyl-l-(3,4-dichlorophenyl)cyclobu- 50 
tane (2.2 g) prepared as described in Example 1, ammo- 
nium acetate (7 g), sodium cyanoborohydride (0.4 g) 
and methanol (28 ml) was stirred at room temperature 
for four days. The reaction mixture was poured into a 
mixture of ice and water and the resulting mixture ex- 55 
traded with ether. The ether extract was washed with 
water, dried and the ether removed to leave U[\-Q,4*. 
dichlorophenyl)cyclobutyl]ethylamine as an oil which 
was identified by standard analytical techniques as the 
compound of Example 1 in the form of its free base, 60 

EXAMPLE 24 

A mixture of l-acetyl-l-{3.4-dichlorophenyl)cyclobu- 
tane (4.86 g) prepared as described in Example 1. hy- 
droxylamine hydrochloride (1.6 g), sodium acetate tri- 65 
hydrate (3.3 g), industrial methylated spirit (15 ml) and 
water (2 ml) was heated under reflux for twenty hours. 
The cooled reaction mixture was poured into water and 
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the oil which separated was cooled to give a solid 
which was recryslallised from industrial methylated 
spirit to give l-acetyl-l-(3,4-dichlorophenyl)cyclobu- 
tane oxime (m.p. 120*-I2r C). 

A solution of the oxime prepared above (4.0 g) in 
ether (50 ml) was added slowly to a stirred suspension 
of lithium aluminium hydride (0.9 g) in ether (50 ml) 
under nitrogen. The mixture was heated uner reflux for 
one hour and, after cooling, water and then a 20% 
aqueous solution of Rochelle's salt (potassium sodium 
tartrate tetrahydrate) (27 ml) and a 10% aqueous solu- 
tion of sodium hydroxide (6 ml) added. The reaction 
mixture was stirred for one hour and then continuously 
extracted with ether during eighteen hours. The ether 
extract was dried and the ether removed to leave a solid 
from which l-(l-(3,4-dichlorophenyl)cyclobutyl]e- 
thylamine was separated by high pressure liquid chro- 
mato^phy. The product was identified by standard 
analytical techniques as the compound of Example 1 in 
the form of its free base. 

EXAMPLE 25 

A IM solution of diisobutylaliminohydride in hexane 
(200 ml) was added under nitrogen to a solution of 
1-phenyl-l-cyclobutane carbonitrile (31.4 g) in ether 
(100 ml) at a temperature below —30* C The tempera- 
ture was maintained below 0* C. for thirty minutes and 
5N hydrochloric acid (200 ml) at a temperature of — 10* 
C. added. The reaction mixture was washed with petro- 
leum ether (b.p. 60*-80* C.) and then warmed to 40* C 
The reaction mixture was extracted with petroleum 
ether (b.p. 60'-80' C.) and the extract dried and evapo- 
rated to yield 1 -phenyl- 1-cycIobutane-carbaldehyde as 
an oil. 

Methylamine was bubbled through a solution of the 
aldehyde (9.4 g) prepared as above in toluene (100 ml) 
whilst the temperature of the reaction mixture was 
maintained below 0° C. Magnesium sulphate (20 g) 
which had been dried over a flame and then cooled 
under nitrogen was added to the reaction mixture 
which was left for sixteen hours at room temperature 
before being filtered. The toluene was then removed by 
evaporation and the residue dissolved in ether (50 ml). 
This solution was added to a solution of propylUthium 
prepared by slowly adding excess propyl bromide (12.8 
g) to a suspension of lithium (1.26 g) in ether (50 ml). 
The resulting mixture was left for sixteen hours at room 
temperamre. A trace of unreacted lithium was removed 
by filtration and the filler washed with ether, water and 
then 5N hydrochloric acid. The filtrate and washings 
were heated on a steam bath for one hour. After cooling 
the reaction mixture was washed with ether and the 
aqueous layer was basified using aqueous sodium hy- 
droxide solution. The reaction mixture was extracted 
with ether and the extract dried and the ether removed 
to give a residue from which N-methyl-l-(l-phenylcy- 
clobutyl)butylamine (b.p. 80*-86VO,l mm Hg.) was 
distilled. 

The amine (2.3 g) prepared as described above was 
dissolved in ether (40 ml) and hydrogen chloride gas 
passed through the solution to precipitate N-methyl-1- 
(l-phcnylcyclobutyl)butylainine hydrochloride (mp. 
196'- 197* C). (Formula I Ri=propyl; R2=H; 
R3 = Mc; R4, R5 and R6 are H.) 

EXAMPLE 26 

A solution of l-(3-chloro-5-methyIphenyl)-l- 
cyclobutanecarbonitrile (8.0 g) in ether (40 ml) was 
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Parts by Weight 


Active Ingredient 


50.0 


Lactose 


78.5 


Polyvinylpyrrolidone 


3.0 


Maize Starch 


15.0 


Msgnesiam Stearate 


1.5 



15 



added to a solution of propyl magnesium bromide (pre- 
pared by the reaction of 1-bromopropane (6.7 g) and 
magnesium (1.3 g)] in ether (80 ml) and the mixture 
heated under reflux for two and a half hours. Two 
thirds of the ether was evaporated off and then, after ^ 
cooling, a solution of sodium borohydride (3.5 g) in 
ethanol (150 ml) added. The mixture was maintained at 
50* C. for one hour and water (50 ml) and then 5N 
hydrochloric acid (50 ml) added. The ether layer was 
separated, dried and evaporated to yield a solid which 
was recrystallised from propan-2-ol to give l-(l-(3- 
chIoro-5-metfaylphenyl)cyclobutyl]butyIamine hydro- 
chloride (m.p. 145*-146* C). 

The hydrochloride salt prepared as above was shaken 
with ether and 5N sodium hydroxide solution and the 
ether layer evaporated to give the primary amine which 
was converted into N,N-dimethyl-l-[l-(3-chloro-5- 
methyIphenyI)cyclobutyl]butyIamine hydrochloride 
(m.p. 148" C.) formula I Ri=propyl; R2=H; R3 and jq 
R4=Me; Rs=3-Cl and R6=5-Me) in a similar manner 
to that described in Example 2. 

EXAMPLE 27 

1 -Acetyl- H3,4-dichlorophenyI)cyclobutane pre- 25 
pared as described in Example 1 (4.86 g) and cyclohex- 
ylamine (2.28 ml) were heated and stirred imder reflux 
for 30 minutes. Stirring and heating was continued on 
an oil bath at 145" C. for 3 hours. The product was 
cooled to ambient temperature, dissolved in methanol 30 
(50 ml) and sodium borohydride (0.8 g) added. The 
mixture was stirred at ambient temperature for twenty 
hours and then poured into water and the resulting 
mixture extracted with ether. The ether extract was 
washed with water and dried. After removal of the 35 
solvent N-cyclohexyl- 1-[1 -(3,4-dichIorophenyl)cy- 
clobutyllethylamine (b.p. 144*-156*/D.6 mm Hg) was 
obtained by distillation (Formula I Ri=Me; R2=H; 
R3=cyclohexyl; R4=H; R5=4-C1; R6=3-a). 

40 

EXAMPLE 28 

Pharmaceutical compositions containing any one of 
the compounds of formula I disclosed in Examples I to 
27 are prepared in the following manner. 

EXAMPLE 28(a) 
Tablets are prepared from the following ingredients: 



45 



50 



55 



gelatin capsules, each capsule containing 45 mg. of the 
active ingredient. 

EXAMPLE 28(c) 

In the preparation of enteric coated tablets, the tab- 
lets described in Example 28(a) are given a thin coat of 
shellac varnish, followed by 20 coats of cellulose ace- 
tate phthalate in a manner well known in the art In a 
similar manner the capsules of Example 28(b) may be 
provided with an enteric coating. 

EXAMPLE 28(d) 

Vials containing a solution of water-soluble com- 
pounds of the present invention suitable for injection 
are prepared £rom the following ingredients: 



Active Ingredient 
Mannitol 

Water, freshly distilled 



1100 g. 
1100 g. 
to II liters 



The active ingredient and mannitol are dissolved in 
some of the water and the volume of the solution is 
adjusted to 11 liters. The resulting solution is sterilised 
by filtration and filled into sterile vials each containing 
1.65 mL of solution. 

EXAMPLE 28(e) 

In the preparation of suppositories, 100 parts by 
weight of the finely ground active ingredient is incorpo- 
rated in 1214 parts by weight of triglyceride supposi- 
tory base and the mixture is formed into suppositories 
each containing 100 mg. of the active ingredient 
>i 

In the preceding Examples novel ketones of formula 
V have been disclosed in which Ri, R5 and R6 have the 
meaning given in Examples 1, 1(a) to 1(e), 3, 4, 4(a) to 
4(e), 6, 7, 7(a) to 7(d) 9, 9(a) to 9(n), 10, 10(a) to 10(z), 
I0(aa). 10(bb), ll(i), ll(k) and 11(1). These novel ke- 
tones of formula V are prepared by hydrolysis of novel 
imines of formula XI in which Y=MgiBi-and Ri, Rsand 
R6 have the meaning given in the Examples spedfied 
above. 

In the preceding Examples novel cyano compounds 
of formula XII are disclosed in which R5 and Rs have 
the meaning given in Examples 1. 1(d), 1(e), 4(g), 9(e), 
9(m), 10(k), 10(e). 10(p). 10(r). 10(v), 10(y), I0(z), 
10(aa), 10(bb). ll(k). 110) and 26. 

In the preceding Examples novel fonnamides of for- 
mula XVII are disclosed in which Ri, R3, R3, R6. R7, 
Rs have the meaning given in Examples 1, 1(a) to 1(e), 
3, 4, 4(a) to 4(e), 6, 7, 7(a) to 7(d), 9, 9(a) to 9(n), 10, 10(a) 
to 10(z). 10(aa), 10(bb), ll(i). ll(k), 110). 

We claim: 

1. A compound of the formula I: 



The active ingredient, the lactose and some of the 
starch are mixed and granulated with a solution of the 
polyvinylpyrrolidone in ethanol. The granulate is mixed 60 
with the stearic acid and the rest of the starch and the 
mixture is compressed in a tabletting machine to give 
tablets containing 50.0 mg. of the active ingredient. 

EXAMPLE 280)) ^5 
Capsules are prepared in the following way. A mix- 
ture of the active ingredient (45 parts by weight) and 
lactose powder (205 parts by weight) is filled into hard 




or a pharmaceutically acceptable salt thereof in which 
Rl is branched chain alkyl of up to 6 carbon atoms, in 
which R2 is selected from the group consisting of H and 
alkyl groups containing 1 to 3 carbon atoms; in which 
R} and lU, which are the same or different, are selected 
from the group consisting of H, straight or branched 
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chain alkyl groups containing 1 to 4 carbon atoms, alke* 
nyl groups having 3 to 6 carbon atoms, alkynyl groups 
having 3 to 6 carbon atoms, cycloalkyl groups in which 
the ring contains 3 to 7 carbon atoms, and a group of 
formula CHO; in which Rj and R6> which are the same 
or different, are selected from the group consisting of 
H, halo, trifluoromethyl, alkyl groups containing 1 to 3 
carbon atoms, alkoxy groups containing 1 to 3 carbon 
atoms, alkythio groups containing 1 to 3 arbon atoms 
and phenyl, or R5 and R«, together with the carbon 
atoms to which they are attached, form a second ben- 
zene ring optionally substituted by at least one halo, 
alkyl or alkoxy. group containing 1 to 4 carbon atoms or 
the substituents of the second benzene ring together 
with the two carbon atoms to which they are attached 
form a further benzene ring. 

2. A compound according to claim 1 in which Ri is 
branched chain alkyl of up to 4 carbon atoms, and R2 is 
H or methyl. 



30 



with the carbon atoms to which they are attached form 
a second benzene ring optionally substituted by halo. 

7. A compound according to claim 1 of the formula 
IV: 



10 




CR1R2.NR3R4 



IV 



or a pharmaceutically acceptable salt thereof in which 
Ri is branched chain alkyl of up to 6 carbon atoms; R2 
15 is selected from the group consisting of H and alkyl 
groups containing 1 to 3 carbon atoms; R3 and R4, 
which are the same or different, are selected from the 
group consisting of H, straight or branched chain alkyl 
groups containing 1 to 4 carbon atoms, alkenyl groups 
3. A compound according to claim 2 in which Ri is 20 having 3 to 6 carbon atoms, alkynyl groups having 3 to 
isopropyl, isobutyl or sec-butyl, R3 and R^are selected 6 carbon atoms, cycloalkyl groups in which the ring 
from the group consisting of H. methyl, ethyl and for- contains 3 to 7 carbon atoms, and a group of formula 
myl, and Rsand R^are selected from .the group consist- CHO; R5 is H, halo, trifluoromethyl, alkyl groups con- 
ing of H, fluoro, chloro, bromo, iodo, trifluoromethyl. taining 1 to 3 carbon atoms, alkoxy groups containing 1 
methyl, methoxy and phenyl, or R5 and Re together 25 to 3 carbon atoms, alkythio groups containing 1 to 3 



with the carbon atoms to which they are attached form 
a second benzene ring optionally substituted by halo. 
4. A compound according to claim 1 of the formula 

ni; 
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or a pharmaceutically acceptable salt thereof in which 
Ri Is branched chain alkyl of up to 6 carbon atoms; R2 
is selected irom the group consisting of H and alkyl 40 
groups containing 1 to 3 carbon atoms; R3 and R4, 
which are the same or different, are selected from the 
group consisting of H, straight or branched chain alkyl 
groups containing 1 to 4 carbon atoms, alkenyl groups 
having 3 to 6 carbon atoms, alkynyl groups having 3 to 43 
6 carbon atoms, cycloalkyl groups in which the ring 
contains 3 to 7 carbon atoms, and a group of formula 
CHO, R5 and R^, which are the same or different are 
selected from the group consisting of H, halo, trifluoro- 
methyl, alkyl groups containing 1 to 3 carbon atoms, 50 
alkoxy groups containing 1 to 3 carbon atoms, alkythio 
groups containing I to 3 carbon atoms and phenyl, or 
R5 and R«, together with the carbon atoms to which 
they are attached, form a second benzene ring option- 
ally substituted by at least one halo, alkyl or alkoxy 55 
group containing 1 to 4 carbon atoms or the substituents 
of the second benzene ring together with the two car- 
bon atoms to which they are attached form a further 
benzene ring. 

5. A compound according to claim 4 in which Ri is 60 
branched chain alkyl of up to 4 carbon atoms and R2 is 

H or methyl. 

6. A compound according to claim 4 in which Ri is 
isopropyl. isobutyl or sec-butyl, R3 and R4 are selected 
from the group consisting of H, methyl, ethyl and for- 65 
myl, and R3 and Reare selected from the group consist- 
ing of H, fluoro, chloro, bromo, iodo, trifluoromethyl. 
methyl, methoxy and phenyl, or Rj and Re together 



carbon atoms or phenyl, and Ke is fluoro or methyl. 

8. A compound according to claim 7 in which Ri is 
isopropyl, isobutyl or sec-butyl; R2 is H or methyl; R3 
and R4 are selected from the group consisting of H, 
methyl ethyl and formyl; R5 is H, fluoro, chloro, 
bromo, iodo. trifluoromethyl, methyl, methoxy or 
phenyl and Re is fluoro or methyl. 

9. A compound according to claim 1 of the formula 

ni: 




CRiR2.NR]R4 



or a pharmaceutically acceptable salt thereof in which 
Rl is isobutyl; R2 is H; R3 is H. methyl or ethyl; R4 is H, 
methyl or ethyl; R3 is chloro; and Re is H or chloro, 

10. A compound of claim 9 which is N-methyl-l-(l- 
(4-chlorophenylcyclobutyl]-3-methyI-butylamine or a 
phannaceutically acceptable salt thereof. 

11. A compound of claim 9 which is N,N-dimethyl-l- 
[1 -{4-chlorophcnyl)cyclobutyl]-3-methylbutylamine or 
a pharmaceutically acceptable salt thereof. 

12. A compound of claim 9 which is N,N-dimethyl-l- 
(l-(3,4-dichlorophenyl)cyclobutyl]-3-methyIbutylamine 
or a pharmaceutically acceptable salt thereof. 

13. A compound of claim 9 which is a-(l-(4-chloro- 
phenyl)cyclobutyl]ben2ylamine or a pharmaceutically 
acceptable salt thereof. 

14. A pharmaceutical composition useful for treating 
depression in humans which comprises an anti-depres- 
santly effective amount of a compound of the formula I: 



CR1R2.NR3R4 
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or a phannaccutically acceptable salt thereof in which 18. A compositioii according to claim 17 in which Ri 
Ri is branched chain alkyl of up to 6 carbon atoms,; Ra is branched chain alkyl of up to 4 carbon atoms, and R2 
is selected from the group consisting of H and alkyl is H or methyl. 

groups containing 1 to 3 carbon atoms; R3 and R4, A composition according to claim 17 in which Ri 

which are the same or different, are selected from the 5 is isopropyl, isobutyl or sec-butyl. R3 and R4 are sc- 
group consisting of H, straight or branched chain alkyl lected from the group consisting of H, methyl, ethyl and 
groups containing I to 4 carbon atoms, alkenyl groups formyl. and Rj and R^are selected from the group con- 
having 3 to 6 carbon atoms, alkynyl groups having 3 to sisting of H, fluoro, chloro, bromo, iodo. trifluoro- 
6 carbon atoms, cycloalkyl groups in which the ring methyl, methyl, methoxy and phenyl, or R5 and Rs 
contains 3 to 7 carbon atoms, and a group of formula ^" together with the carbon atoms to which they are at- 
CHO; R5 and R6, which are the same or different are tached form a second benzene ring optionaUy subsii- 
selected from the group consisting of H, halo, trifluoro- tuted by halo. 

methyl, aDcyl groups containing 1 to 3 carbon atoms, 20. A composition according to claim 14 of the for- 
alkoxy groups containing 1 to 3 carbon atoms, alkythio jj IV: 
groups containing 1 to 3 carbon atoms and phenyl, or 

R3 and R6, together with the carbon atoms to which , . cR R nr 

they are attached, form a second benzene ring option- ^ 1 z- 3R4 

ally substituted by at least one halo, alkyl or aikoxy 
group containing 1 to 4 carbon atoms or the substituents 20 
of the second benzene ring together with the two car- 
bon atoms to which they are attached form a further 

benzene ring. . . . ^. ^ r. or a phannaccutically acceptable salt thereof in which 

15. A composmon accordmg to claim 14 m which Ri \,rzxichftti chain alkyl of up to 6 carbon atoms; Rz 
is branched cham alkyl of up to 4 carbon atoms, and Rz 25 selected from the group consisting of H and alkyl 
is H or methyl. , . • t.- u « groups containing 1 to 3 carbon atoms; R3 and R4, 

16. A composition accordmg to claim 15 m which Ri ^^doYi are the same or different, are selected from the 
is isopropyl, isobutyl or sec-butyl. R3 and R4 are se- ^^^^ consisting of H, straight or branched chain alkyl 
lected from the group consistmg of H, methyl, ethyl and groups containing 1 to 4 carbon atoms, alkenyl groups 
formyl. and R5 and R6 are selected from the group con- 30 ^^^^ 3 j^, ^ carbon atoms, alknynyl groups having 3 to 
sisting of H, fluoro, chloro, bromo. iodo, trifluoro- 5 carbon atoms, cycloalkyl groups in which the ring 
methyl, methyl, methoxy and phenyl, or R5 and R^ contains 3 to 7 carbon atoms, and a group of formula 
together with the carbon atoms to which they are at- CHO; R5 is H, halo, triHuoromethyl, alkyl groups con- 
tached form a second benzene ring optionally substi- taining 1 to 3 carbon atoms, aikoxy groups containing 1 
tuted by halo. to 3 carbon atoms, alkythio groups containing 1 to 3 

17. A composition according to claim 14 wherein the carbon atoms or phenyl, and R^ is fluoro or methyl, 
compound is of the formula III: 2I. A composition according to claim 14 in which Ri 

is isopropyl, isobutyl or sec-butyl,; Rz is H or methyl, 
HI 40 ^3 selected from the group consisting of H, 

CRiRjNRaR* methyl, ethyl and formyl,, Rs.is H, fluoro. chloro, 

bromo, iodo, trifluoromethyl, methyl, methoxy or 
phenyl and R^ is fluoro or methyl. 
22. A composition according to claim 14 wherein the 
45 compound is of the formula III: 

or a pharmaceuticaily acceptable salt thereof in which 

Ri is branched chain alkyl of up to 6 carbon atoms,; Rz /^^^ CR1R2.NR3R4 
is selected from the group consisting of H and alkyl 
groups containing 1 to 3 carbon atoms; Rs and R4. 
which are the same or different, are selected from the 
group consisting of H. straight or branched chain alkyl 
groups containing 1 to 4 carbon atoms, alkenyl groups 

having 3 to 6 carbon atoms, alkynyl groups having 3 to or a pharmaceuticaily acceptable salt thereof in which 
6 carbon atoms, cycloalkyl groups in which the ring 55 Ri is isobutyl; Rz is H; R3 is H, methyl or ethyl; R4 is H, 

contains 3 to 7 carbon atoms, and a group of formula methyl or ethyl; R5 is chloro; and R^ is H or chloro. 

CHO; R5 and Rfi, which are the same or different are 23. A composition according to claim 22 wherein the 

selected from the group consisting of H, halo, trifluoro- compound is N-methyl-l-[l-(4-chlorophenylcy- 

methyl, alkyl groups containing I to 3 carbon atoms, clobutyl]-3-methylbutylamine or a pharmaceuticaily 
aikoxy groups containing 1 to 3 carbon atoms, alkythio 50 acceptable salt thereof. 

groups containing 1 to 3 carbon atoms and phenyl, or 24. A composition according to claim 22 wherein the 

R5 and Rfi, together with the carbon atoms to which compound is N,N-dimethyl-l-[l-(4-chlorophenyl)cy- 

they are attached, form a second benzene ring option- clobutyl]-3-methyibutylamine or a pharmaceuticaily 

ally substituted by at least one halo, alkyl or aikoxy acceptable salt thereof. 

group containing 1 to 4 carbon atoms or the substituents 65 25. A composition according to claim 22 wherein the 

of the second benzene ring together with the two car- compound is N,N-dimethyl-l-[l-(3.4-dichlorophenyI> 

bon atoms to which they are attached form a further cyclobutylI-3-mcthylbutylaminc or a pharmaceuticaily 

benzene ring. acceptable salt thereof. 
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26. A method of treating depression in humans which they are attached, fonn a second benzene ring option- 
comprises administering to a human in need thereof an aDy substituted by at least one halo, alkyl or alkoxy 
anti-depressantly effective amount of a compound of group containing 1 to 4 carbon atoms or the substituents 
the formula I: of the second benzene ring together with the two car- 

5 bon atoms to which they are attached form a further 
1 benzene ring. 

(:r,R2.nr3R4 3q ^ method according to claim 29 in which K\ is 

branched chain alkyl of up to 4 carbon atoms and Rj is 
H or methyl. 

10 31- A method according to claim 29 in which Ri is 
or a pharmaceutically acceptable salt thereof in which f>?^?y^ i^obutyl or sec-butyl. R3 and R4 are selected 
Ri is branched chain alkyl of up to 6 carbon atoms,; R2 ^! S^^''^ consistmg of H. methyl, ethyl and for- 

is selected from the group consisting of H and alkyl P^y*' ^5^** Re are selected from the group consist- 
groups containing 1 to 3 carbon atoms; Rj and R4, " fluoro. chloro, bromo, iodo, trifluoromethyl, 
which are the same or different are selected from the 15 nifthyl, methoxy and phenyl, or R5 and R6 together 
group consisting of H, straight or branched chain alkyl carbon atoms to which they are attached form 
groups containing 1 to 4 carbon atoms, alkenyl groups * second benzene ring optionally substituted by halo, 
having 3 to 6 carbon atoms, alkynyl groups having 3 to ^ method according to claim 29 of the formula 
6 carbon atoms, cycloalkyl groups in which the ring 
contains 3 to 7 carbon atoms, and a group of formula 20 

CHO; R5 and R6. which are the same or different, are iv 
selected from the group consisting of H, halo, tiifluoro- ^^^5^^ \ cRiR2.nrjR4 

methyl, alkyl groups containing 1 to 3 carbon atoms, 
alkoxy groups containing 1 to 3 carbon atoms, alkythio 
groups containing 1 to 3 carbon atoms and phenyl, or 25 
Rs and Re, together with the carbon atoms to which 
they are attached, form a second benzene ring option- 
ally substituted by at least one halo, alkyl or alkoxy or a pharmaceutically acceptable salt thereof in which 
group containing 1 to 4 carbon atoms or the substituents Ri is branched chain alkyl of up to 6 carbon atoms,; R2 
of the second benzene ring together with the two car- is selected from the group -consisting of H and alkyl 
bon atoms to which they are attached form a fimhcr groups containing 1 to 3 carbon atoms; R3 and R4, 
benzene ring, in combination with a pharmaceutically which are the same or different are selected from the 
acceptable carrier. group consisting of H, straight or branched chain alkyl 

27. A method according to claim 26 in which Ri is groups containing 1 to 4 carbon atoms, alkenyl groups 
branched Cham alkyl of up to 4 carbon atoms, and R2 is having 3 to 6 carbon atoms, alkynyl groups having 3 to 
H or methyl. , . . ^ . . ^ • ^ carbon atoms, cycloalkyl groups in which the ring 

28. A method accordmg to claim 27 m which Ri is contains 3 to 7 carbon atoms, and a group of formula 
^opropyl. isobutyl or sec-butyl. R3 and R4 are selected CHO, R5 and R^. which are the same or different arc 

rnvf^nH f °Z n^'^r f ^ifv""" ^"^^^ ^-'^ '"^^'^^ «^°"P <^nsisting of H. halo, trifluoro- 

myl. and R5 and Re are selected from the ^oup consist- ^^hyl, alkyl groups containing 1 to 3 carbon atoms, 

mfthl?^^^^^^^^^^^ " alkoxy grou^s^ntLngl.^^^^^^ 

the cLbon ato4 to which they are attached fo^a T^Tl ° Lju'''' T"^' ^^"""^l ""l 

second benzene ring optionally substituted by halo. ^ 'TJ'V T^'' "^^^^ 

29. A method according to claim 26 wherein the tf^^^'^'u' ' °P^'°^" 
compound is of the formula III: substituted by at least one halo, alkyl or alkoxy 

group containing 1 to 4 carbon atoms or the substituents 

of the second benzene ring together with the two car- 

CR1R2.NRJR4 bon atoms to which they are attached form a further 

benzene ring and Re is fluoro or methyl. ' 

33. A method according to claim 32 in which R| is 

50 isopropyl, isobutyl or sec-butyl, R2 is H or methyl, R3 

and R4 are selected from the group consisting of H, 

methyl, ethyl and formyl, R5 is H. fluoro, chloro, 

or a pharmaceutically acceptable salt thereof in which bromo, iodo. trifluoromethyl, methyl, methoxy or 

Ri is branched chain alkyl of up to 6 carbon atoms; R2 Phenyl and R^ is fluoro or methyl. 

is selected from the group consisting of H and alkyl ^ method according to claim 29 wherein the 

groups containing 1 to 3 carbon atoms; R3 and R4, compound is of the formula III: 

which are the same or different, are selected from the 

group consisting of H, straight or branched chain alkyl Ul 
groups containing 1 to 4 carbon atoms, alkenyl groups / \ CR1R2.NR3R4 

having 3 to 6 carbon atoms, alkynyl groups having 3 to ^ 
6 carbon atoms, cycloalkyl groups in which the ring 
contains 3 to 7 carbon atoms, and a group of formula 
CHO; R5 and Re, which are the same or different, are 
selected from the group consisting of H, halo, trifluoro- 
methyl. alkyl groups containing 1 to 3 carbon atoms, 65 or a pharmaceutically acceptable salt thereof in which 
alkoxy groups containing 1 to 3 carbon atoms, alkythio Ri is isobutyl; R2 is R3 is H. methyl or ethyl; R4 is H, 
groups containing 1 to 3 carbon atoms and phenyl, or methyl or ethyl; R5 is chloro; and Re is H or chloro. 
R5 and Re, together with the carbon atoms to which * • « * « 
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Chronology of Significant Activities 
Regarding the MERIDIAtm IND and NDA 



IND 27-624 


December 20, 1985 


Original IND submission ( IND 27-624) 


December 24, 1985 


Date of receipt of the IND by the FDA 


January 14, 1986 


CMC amendment, clinical amendment 


January 24, 1986 


Effective date of the IND 


February 28, 1986 


Clinical amendment 


March 17, 1986 


General comments on the iND from the FDA (Company response sent 
on February 18 and 24, 1988) 


May 27, 1986 


Clinical amendment 


June 20, 1986 


Clinical amendment 


July 1, 1986 


CMC amendment 


September 18, 1986 


Clinical amendment 


January 9, 1987 


Clinical amendment 


March 11, 1987 


Clinical amendment, pharmacology/toxicology amendment 


April 1, 1987 


IND annual report 


September 21, 1987 


DMF amendment 


September 29, 1987 


Clinical amendment 


November 13, 1987 


Clinical amendment 


February 18, 1988 


Response to FDA's letter dated March 11, 1986 (pre-clinical and 
clinical) 


February 24, 1988 


Response to FDA's letter dated March 11, 1986 (CMC) 


March 1, 1988 


Clinical amendment, pharmacology/toxicology amendment 


March 3, 1988 


IND aimual report 


April 20, 1988 


Clinical amendment 



I 



October 28, 1988 


Clinical amendment 


January 18, 1989 


CMC amendment 


March 9, 1989 


Pharmacology/toxicology amendment 


March 13, 1989 


IND aimual report 


March 30, 1989 


Pharmacology/toxicology amendment 


September 25, 1989 


Clinical amendment 


September 27, 1989 


Clinical amendment, CMC amendment 


November 2, 1989 


Clinical amendment 


December 1, 1989 


Clinical amendment 


December 13, 1989 


Clinical amendment 


January 9, 1990 


Clinical amendment 


February 5, 1990 


Clinical amendment 


February 26, 1990 


Clinical amendment 


March 12, 1990 


IND armual report 


March 29, 1990 


Clinical amendment 


April 2, 1990 


Information amendment - company name change 


May 10, 1990 


Clinical amendment 


July 11, 1990 


Clinical amendment 


July 23, 1990 


Clinical amendment 


Augusts, 1990 


Clinical amendment 


September 7, 1990 


Clinical amendment 


November 2, 1990 


Clinical amendment 


January 29, 1991 


Clinical amendment 


March 14, 1991 


Clinical amendment 


April 9, 1991 


Clinical amendment 


May 1,1991 


Clinical amendment 


June 14, 1991 


IND armual report 


July 15, 1991 


Clinical amendment 


August 20, 1991 


Clinical amendment 


August 27, 1991 


CMC amendment 



February 19, 1992 


Clinical amendment 


March 17, 1992 


IND annual report 


April 29, 1992 


Clinical amendment 


May 29, 1992 


Pharmacology/toxicology amendment 


June 25, 1992 


Clinical amendment 


July 23, 1992 


Meeting v^ith FDA to discuss Phase II study plan 


August 10, 1992 


CMC amendment 


August 28, 1992 


Request to include women of child bearing potential (permission 
granted by the FDA on October 13, 1992) 


Novembers, 1992 


Clinical amendment 


November 15, 1992 


Clinical amendment 


December 23, 1992 


Clinical amendment 


December 23, 1992 


Clinical amendment 


December 23, 1992 


Clinical amendment 


March 17, 1993 


Pharmacology/toxicology ^endment 


March 19, 1993 


IND annual report 


March 30, 1993 


Clinical amendment 


April 19, 1993 


CMC amendment 


May 21, 1993 


Clinical amendment 


June 23, 1993 


Transfer of IND to Endocrine and Metabolism Division 


June 24, 1993 


CMC inquiry 


October 20, 1993 


Clinical amendment 


November 2, 1993 


Clinical amendment 


December 14, 1993 


End of Phase II meeting with the FDA 


December 14, 1993 


Clinical amendment 


February 16, 1994 


Clinical amendment 


March 3, 1994 


CANDA - planning meeting with the FDA 


March 17, 1994 


IND annual report 


April 6, 1994 


Clinical amendment 


April 22, 1994 


Clinical amendment 


April 28, 1994 


Clinical amendment 



May 31, 1994 


FDA's written comments on clinical studies presented at the meeting 
on December 14, 1993 


Junes, 1994 


Clinical amendment 


June 27, 1994 


Demonstration of the CANDA prototype project 


June 30, 1994 


Meeting with the HFD-170, FDA 


July 7, 1994 


Clinical amendment 


August 2, 1994 


Clinical amendment 


August 24, 1994 


Clinical amendment 


September 20, 1994 


Clinical amendment 


November 8, 1994 


Clinical amendment 


November 11, 1994 


CMC amendment 


November 23, 1994 


Clinical amendment 


December 2, 1994 


CMC amendment 


January 5, 1995 


Clinical amendment 


March 15, 1995 


IND annual report 


March 22, 1995 


Clinical amendment 


March 24, 1995 


Clinical amendment 


May 3, 1995 


Clinical amendment 


May 4, 1995 


Pre-NDA meeting with the FDA 


June 1, 1995 


Response to FDA's comments at the pre-NDA meeting 


June 15, 1995 


CANDA meeting with FDA, DISD Group 


July 7, 1995 


CMC queries/proposal 


July 10, 1995 


CANDA demonstration meeting with the FDA 


September 25, 1995 


CMC amendment 


September 27, 1995 


Clinical amendment 


October 27, 1995 


Clinical amendment 


December 18, 1995 


Clinical amendment 


December 21, 1995 


Clinical amendment 


March 1, 1996 


Clinical amendment 


April 19, 1996 


Clinical amendment 


April 19, 1996 


Clinical amendment 


April 25, 1996 


Clinical amendment 



June 3, 1996 


IND annual report 


June 20, 1996 


Clinical amendment 


June 26, 1996 


Clinical amendment 


July 29, 1996 


Clinical amendment 


July 31, 1996 


Clinical amendment 


August 26, 1996 


Clinical amendment 


September 19, 1996 


Clinical amendment 


September 23, 1996 


Clinical amendment 


September 24, 1996 


Clinical amendment 


October 23, 1996 


Clinical amendment 


October 30, 1996 


Clinical amendment 


November 15, 1996 


Clinical amendment 


January 6, 1997 


Clinical amendment 


April 14, 1997 


IND annual report 


April 24, 1997 


Protocol amendment 


July 1, 1997 


Protocol amendment 


NDA 20-632 


August 7, 1995 


Original NDA submission 


August 7, 1995 


Field copies of required sections of the NDA submitted to the New 
Orleans District Office 


August 9, 1995 


Date of receipt of the NDA by the FDA 


August 21, 1995 


CANDA - report section submission 


August 28, 1995 


Corrections to the environmental assessment 


September 19, 1995 


Revised electronic files of oncogenicity data 


October 25, 1995 


Investigator information, protocol and CRFs to Office of Scientific 
Investigations. 


October 27, 1995 


NDA filing letter received from the FDA 


November 14, 1995 


CANDA - clinical data base submission 


November 28 - 
December 4, 1995 


Pre-approval inspection of the Shreveport plant 


December 1, 1996 


Response to queries from CMC reviewer (telephone call November 21, 
1995) 



December 6 1995 


Response to Biopharmaceutics questions raised in the October 27, 
1996 filing letter and submission of electronic files of efficacy data 
requested by the biometrics reviewer on October 24, 1995. 


December 8, 1995 


Additional electronic files of efficacy data requested by the FDA on 
December 7, 1995 


December 13, 1995 


Submission of 12 month stability report on qualification lots 


December 19, 1995 


Four-month (120 day) safety update 


December 20, 1995 


Electronic files of additional efficacy data submitted 


February 5, 1996 


FDA request for additional analysis of clinical studies 


February 8, 1996 


Teleconference with FDA clinical and statistical staff 



February 9, 1996 


Methods validation package updated to reflect list of samples collected 
during pre -approval inspection and answers to CMC reviewer's 
questions 


February 13, 1996 


Additional information to FDA office of scientific investigations 


February 15, 1996 


Electronic files of summary of pharmacokinetic data (response to 
February 9, 1996 request) 


February 27, 1996 


Request fi-om HFD-170 for a ftill package of information on abuse 
potential 


March 5, 1996 


Response to reviewer questions ( February 5, 1 996) on clinical studies 


March 13, 1996 


Submission of abuse liability information (clinical) 


March 15, 1996 


Request for additional analyses of clinical studies 


March 19, 1996 


Proposal to add 20 mg capsules 


March 20, 1996 


Abuse liability (pre-clinical) submission 


April 23, 1996 


Meeting with the FDA 


April 2, 1996 


Request for additional analyses fi-om clinical studies 


April 3, 1996 


Electronic files of sunmiaries of pharmacokinetic reports to 
Biopharmaceutics reviewer 


April 8, 1996 


Background material submitted for April 23, 1996 meeting 


April 9, 1996 


Response to questions on clinical studies 


April 22, 1996 


Partial response to questions on various studies (April 2, 1996) 


May 2, 1996 


Electronic files clinical data in response to a request from Biometrics 
reviewer on April 26, 1996) 


May 10, 1996 


CMC amendment to add 20 mg strength 


May 13, 1996 


Phase Illb study protocols to the FDA 


May 15, 1996 


Final response to clinical queries on April 2, 1996 


Junes, 1996 


Reviewer comments on abuse potential (Company response submitted 
on August 8, 1996) 


June 20, 1996 


Clinical response 


June 13, 1996 


FDA extended the NDA review period by 3-months 


June 25, 1996 


Environmental assessment reviewers comments/requests 


July 15, 1996 


Meeting with the FDA 


July 18, 1996 


Electronic files of clinical data (requested by the FDA July 16, 1996) 



August 1, 1996 


GLP/QA statements - response to Pharmacology/Toxicology 
reviewer's question 


August 6, 1996 


FDA comments on abuse potential protocols 


August 8, 1996 


Partial response to FDA comments on abuse potential (June 5, 1996) 


August 12, 1996 


Clarification of issues raised at the July 25, 1996 meeting 


August 23, 1996 


Abuse potential response to reviewer comments June 5, 1996 


August 27, 1996 


Response to Environmental Assessment reviewer's comments of 
June 25, 1996 


August 30, 1996 


Background package to the FDA Advisory Conrmiittee Office 


September 13, 1996 


Cardio-Renal Division review received from the FDA 


September 18, 1996 


Phase IV proposals to the FDA 


September 20, 1996 


Submission of additional analyses to the FDA 


September 23, 1996 


Pharmacology/toxicology amendment 


October 4, 1996 


Protocols of placebo controlled obesity studies to HFD-170 


October 4, 1996 


Second safety update 


September 26, 1996 


FDA Endocrine and Metabolism Advisory Committee Meeting to 
discuss MERIDIA 


October 4, 1996 


Submission of copies of slides presented at the Advisory Committee 
Meeting on September 26, 1996 


Octobers, 1996 


Meeting with the FDA 


October 9, 1996 


Additional analyses of clinical data submitted to the FDA 


October 14, 1996 


Submission of additional analyses of clinical data 


October 15, 1996 


Submission of information requested by the CMC reviewer 


October 16, 1996 


Additional analyses of clinical data submitted to the FDA 


October 17, 1996 


Submission of additional analyses of clinical data 


October 17, 1996 


Comments on clinical abuse potential studies received - FDA's 
response to August 23, 1996 submission 


October 21, 1996 


Meeting with Endocrine and Metabolism Division 


October 25, 1996 


Revised draft package insert with 20 mg strength added 


October 28, 1996 


Meeting with HFD-170 to discuss abuse potential 


October 29, 1996 


Request for additional pre-clinical studies from HFD-170 


October 29, 1996 


Submission of DMF to the NDA ( as requested by CMC reviewer) 


Novembers, 1996 


FDA approvable letter received 
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November 12, 1996 


Intention to file an amendment 


November 18, 1996 


Request for meeting with HFD-170 


December 17, 1996 


Background information for meeting with HFD-170 on January 9, 
1997 - abuse potential 


Januarys, 1997 


Partial response to approvable letter 


January 9, 1997 


Meeting with the FDA to discuss abuse potential 


January 14, 1997 


Pre-clinical information - response to the pharmacology /toxicology 
reviewer 


January 17, 1997 


Request fi"om the FDA for additional data analysis (submitted January 
23, 1997) 


January 23, 1997 


Response to FDA request for additional data 


January 29, 1997 


Revised PI 


Februarys, 1997 


Electronic files of the revised PI 


February 10, 1997 


ISS update 


February 14, 1997 


PPI submission 


February 18, 1997 


FDA comments/requests from the meeting on January 9, 1997 


February 27, 1997 


Submission of pre-clinical reports and request for a meeting with HFD- 
1 70 and HFD-5 1 0 to discuss abuse potential 


March 11, 1997 


FDA minutes of the January 9, 1997 and October 28, 1996 meetings 


April 2, 1997 


Results of abuse potential studies and request for a meeting with 
HFD-170 


April 15, 1997 


Submission of the minutes of the January 9, 1997 and October 28, 
1996 meetings 


May 23, 1997 


Response to approvable letter, results of one abuse potential study 


May 29, 1997 


Facsimile from the FDA request for clarification of data sets 


June 2, 1997 


FDA acknowledgement of major amendment dated May 23, 1997 


June 4, 1997 


Response to FDA facsimile of May 29, 1997 


June 5, 1997 


Electronic copy of the package insert and patient package insert 


June 13, 1997 


Response to FDA question in May 21, 1997 meeting regarding 
possible differences in the lots used in human drug abuse studies 


June 17, 1997 


Submission of overheads presented at drug abuse meeting on May 21, 
1997. 


July 2, 1997 


Request for meeting with HFD-170 



September 4, 1997 


Response to FDA question on May 21, 1997 provides dissolution 
profiles for the lots used in human drug abuse studies 


September 16, 1997 


Facsimile from the FDA recommending language for the drug abuse 
and dependence section of the physician label. 


September 19, 1997 


Submission of the proposed labeling for the drug abuse and 
dependence section of the package insert 


September 29, 1997 


Follow-up to September 25, 1997 teleconference relating to the 
methodology and equipment used to collect echocardiographic data 


Octobers, 1997 


Response to telephone request regarding the qualifications of 
echocardiographers 


October 10, 1997 


Facsimile from the FDA providing revisions to the package insert. 


October 20, 1997 


Third safety update 


October 21, 1997 


Submission of the protocol for the collection of echocardiographic data 
and the statistical analysis plan 


October 28, 1997 


Response to FDA facsimile dated October 10, 1997 providing revisions 
to the package insert 


October 30, 1997 


Submission of the summary of valve function from echocardiographic 
data 


November 7, 1997 


Submission of echocardiographic screening report 


November 13, 1997 


Revised patient package insert based on teleconference of November 5, 
1 997 and telefax November 6, 1 997 


November 19, 1997 


Response to teleconference on November 18, 1997 providing 
additional revisions to the patient package 


November 21, 1997 


Facsimile from the FDA recommending changes in the physician 
labeling and patient labeling 


November 21, 1997 


Submission of draft bottle labels 


November 22, 1997 


Response to FDA facsimile dated November 21, 1997 requesting 
revisions to the package insert and patient package insert 


November 22, 1997 


Phase IV commitment 


November 22, 1997 


FDA letter of approval for MERIDIA 
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Knoll AG 
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Sir: 



DECLARATION ACCOMPANYING APPLICATION 
UNDER 35 U.S.C. § 156 FOR EXTENSION OF PATENT TERM 



1, CHARLES E. VAN HORN, do hereby declare: 



I am a patent attorney authorized to practice before the United States Patent and 
Trademark Office and I have been appointed as attorney by the Patent Assignee, Knoll 
Aktiengesellschaft, with regard to this application for extension of the term of U.S. Patent 
4,746,680 and to transact all business in the U.S. Patent and Trademark Office in connection 
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Farabow, Garrett, ; 
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202-406-4000 l! 



I have reviewed and understand the contents of the accompanying application being 
submitted pursuant to 37 C.F.R. § 1.740. 

I believe that the patent is subject to extension pursuant to § 1 .710. 

I believe that an extension of the length claimed is justified under 35 U.S.C. § 156 and 
applicable regulations. 

I believe the patent for which the extension is being sought meets the conditions for 
extension of the term of a patent as set forth in § 1 .720. 



Respectfully submitted, 



Dated: January 20, 1998 



Charles E. Van Horn 
Reg. No. 40,266 
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